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SECTION  1 

FXECITIVE  SUMMARY 


I 


1 . 1 RACKGRO  l-TID  AND  OBJECTIVES 

ECi&-G.  undoi'  contract  to  DNA.  has  undertake'!!  to  i)crf(!rni  a 
definitive  tradeoff  analysis  of  Electromai^netic  Pulse'  (EMRi  test  technique's 
which  nii^ht  be  empleeyed  in  the  assessment  eef  underqreeund  Cejiiimand.  Ceintrol, 

3 

and  Ce)nimunicatie)n  (C  ) facilities  for  survival!ility  in  a liiuh  altitude  FMP 

3 

envirejiinient.  Fe)ur  classes  of  potential  buried  C facilities  were'  de'fined. 

These'  four  classes  bounei  or  typify,  the  majeerity  of  the  facilities  which  would 

3 

be  onceiunte'red  in  the  DNA  C Assessment  r^reepram.  Feer  e'ach  of  the  four 
classes,  an  optimum  mix  of  test  and  analysis  tecliniques  has  been  de'fined. 

Tliis  document  is  a final  re[)e)rt  on  this  evaluatie)n  study  and  de-fine's  the  four 
classes,  identifies  the  four  typical  actual  sites,  prese'nts  the'  test  technique' 
evaluation  crite'ria.  and  the  conclusieens  and  rec-ommendations  derived. 

The  Defense  Nuclear  A^e'iicy  is  curre-nlly  e emdue’tin^  ce)mpre'liensi\e 

3 

proprams  te>  assc-ss  the  hiph  altitude  EMP  vulner.iljility  of  C syste'ms.  This 
propram  includes  e'valuation  e)f  many  types  of  voice.  te-Ietype'.  a:id  dipital 
ceimmunication  links.  He'e-ause  eif  the  diversity  and  scope'  e)f  this  propraii!.  a 
larpe  varie'ty  e>f  struenural  types  eef  buildinps  will  be-  ene'ounte're’d.  J his  inedueie's. 
t)Ut  IS  ne>t  limite'el  te).  buildinps  which  are'  burie'd  e>r  een  the'  surface',  l)uilelinps 
whie'h  are'  unshie'lde'd  e>r  we'll  shie'leie'd.  builelinps  which  ine'e)rpe)rate  hardene'd 
pe-ne't rations,  and  buildiiips  with  vemy  siiiijile'  or  very  complicated  exte'rnal  ai!el 
inte'rnal  e‘e)ui)linp  pe'ome'trie'S. 

3 

'I  he'  primary  thrust  of  the'  DNA  C Propi’ams  is  analytie-al.  de'penelinp 
primarily  upon  ce)m))ul e'rize'd  mode'linp  te'e'hnir|ue  s sue'h  as  the’  Boe'iiH;  de've'lope’d 
PRE.SK)  e'e>de'.  Howe've'r.  te>  valielate'  e'ompute-rize'd  moeie-ls  and  te>  ve  rify  the'ii’ 
pre  rliciions.  semie  feirm  of  EMP  te'stinp  is  re'quire'ei.  Te'sl  te'chnie|ue's  e an  \'ary 
fre)m  simple  h)w-le've']  CVV  eiire'e-t  inje'e'tie)n  eef  sii'.nals  on  cables  up  threiuph 
thre'ai  le've  l pulse'  |•adialion.  A larpe'  varie'ty  of  FMP  le'st  de'vie’e's  anel  simulators 
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aro  availahlo  to  perform  these  t(>sts.  ffence.  trade  studies  are  required  to 
determine  the  optimum  mix  of  test  techniques  and  simulators  for  the  various 
classes  of  buried  facilities  to  be  encountered. 

The  objt'ctive  of  this  study  is  to  perform  a d('finilive  tradeoff 
analysis  of  the  alternative  test  and  simulation  tecimiques  available  ff)r  deter- 

3 

minint^  the  survivability  of  certain  classes  of  buried  C facilities  for  an  EMP 

3 

environment.  Several  buried  C systems  may  require  testinq^  for  EMP  vulner- 
ability and  such  a trade  study  would  be  helitful  in  ijianning  for  I'uturf-  specific 
tests. 

This  study  has  not  attempted  to  define  a sintile  preferred  teclinique 
for  each  site.  A decision  to  test,  and  subsequent  e.xperiment  desii^ii  is  hiphly 
individual  for  each  test  proi^ram.  and  depends  upon  many  time  varying-  param- 
eters. Such  parameters  include  simulation  state-of-the-art,  analysis  state- 
of-the-art.  the  role  a site  has  in  support  of  national  ijriorities.  availal)le  funds, 
etc.  Because  of  the  hiiihly  flexible  natures  of  thes£>  factors,  it  is  impossible 
to  determine  far  in  advance  an  optimum  technique;  this  dept'nds  on  test  objc'ctives 
and  available  resources. 

This  study  scrutinized  many  combinations  of  test  analysis  methods 
and  evaluated  them  in  terms  of  accuracy.  applical)ility.  cost,  and  other  factors. 

3 

Thus,  for  several  classes  of  sites,  including  most  actual  existinu;  buric'd  C 
facilities.  oi)timum  combinations  of  test  and  analysis  methods  can  lu'  chosen 
in  light  of  test  objectives  and  program  priorities. 

1.2  TECHNICAL  APPROACH 

Because  of  the  large  variety  of  potential  configurations  which  buried 
3 

C sites  might  assume.  EC&G  has  taken  an  approach  which  allowed  the  majority 
of  these  sites  to  be  bounded  by  a sample  of  four  generalized  sites.  Each  of  tlie 
four  generic  sites  is  discussed  in  more  detail  in  Section  2 of  this  document. 
Briefly  the  four  sites  are  typified  by  the  following  measured  itarametcws.  (11  a 
large  complex  site  with  many  buildings  --  some  Ituried,  some  shielded,  some 
both,  some  neither,  (2)  site  buried  and  shieldt'd.  (3)  site  l)uried  l)Ut  unshielded, 
and  (4)  single  tall  structure  partially  iniried.  For  each  of  the  four  classes  of 
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faciliti('s.  an  actual  .specific  sit('  representative  of  tlie  class  has  been  selected 
for  an  example.  Detailed  descriptions  of  the  four  actual  sites  are  contained 
in  St'ction  2 of  this  dociinumt. 

For  eacli  of  the  four  actual  sites,  the  applicability  and  usefulness- 
of  various  test  tecliniques  and  simulators  will  l)e  evaluated. 

The  seven  test  metliods  typically  used  in  PIMP  vulnerability  assess- 
ments are  shown  in  Tal.'le  1-1. 

Table  1 -1 
Test  Methofls 

POF  Direct  Drive  tPulse) 

POF  Direct  Drive  (CW) 

Hiiih  Level  Pulse  Radiation 
’ liOW  Level  Pulse  Radiation 
CW'  Radiation 
Scale  Model  inti 

Sul)system  ("Black  Box")  Testintt 

Inasmuch  as  llu'se  test  nu'thods  arc'  almost  always  used  in  combina- 
tion to  form  an  inteuratc'd  assessment  uroi^ram.  the  tc'st  methods  have  been 
grouped  totM'thcu’  in  c'ittht  c.roupini^s.  VV(>  have  assigned  tlu'  name  assessment 
tc’chnique  to  each  itroup.  Fach  assessmc'iit  iechtiiquc'  thc'n  is  a combination  of 
the  test  methods  plus  analysis.  The  combinations  that  were  used  in  this  evalua- 
tion program  are  shown  in  'l  ablc'  1-2. 
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Table  1-2 

Assessment  Techniques 


Technique  1 

Analysis;  Scale  Model in<?;  .S'ubsy.stem 
("Black  Box")  Te.stinc; 

Technique  2 

Analysis;  CW'  Radiation;  POE  Direct 
Drive  (P) 

Technique  3 

Analysis;  Hi£[h-Level  Pulse  Radiation 
POE  Direct  Drive  (P) 

Technique  4 

Analysis;  POE  Direct  Drive  (P) 

Technique  ii 

Analysis;  CW  Radiation;  Subsy.stom 
("Black  Box")  Te .sting 

Technique  G 

An.ilysis;  High-Level  Pul.se  RaduCion 

Technique  7 

Analysis;  Low^-Level  Pulse  Radi.ition; 
POE  Direct  Drive  (P) 

Technique  8 

.Analysis;  CW  Radiation;  POE  Direct 
Drive  (CW);  POE  Direct  Drive  (P) 

I 

[ 

I 

I 


Combinations  of  the  above  methods  have  been  employed  in  immy  of  the  major 
EMP  programs  completed  in  the  past.  Application  of  the  as.sessment  techniques 
m the  past  EMP  proi^rams  is  illustrated  in  matrix  form  in  Figure  1-1. 

Brief  explanations  of  each  of  the  individual  test  techniques  are  con- 
tained in  the  following  paragraphs.  A more  detailed  description  of  each  is 
contained  in  Section  3. 

'nie.se  are  the  individu.il  test  methods  used  m any  assessment  pro- 
f^ram.  A test  method  is  rarely,  if  ever,  employed  in  an  isolated  application. 
Rather,  a combination  of  test  methods  are  chosen  to  arrive  at  an  inteurated 
as.sessment  program  or  technif|ue  for  a particular  site. 

Analysis 

.Analysis  will  mean  those  an.ilvtical  and  predictive  methods  used  to 

relate  test  dat.i  to  phenomenoloijN’  .ind  for  extrapolation  to  threat  levels.  .Since 

3 

the  primary  analvtic.il  tool  of  the  DNA  C EMP  as.sessment  is  PRE.STO.  it  is 
.is.sumed  that  the  coupling  jiredict ions  will  U'  ‘jener.iled  usin^  the  PRllSTO  code 
or  .some  equiv.ilent  code  who.se  accuracy  is  well  known  for  the.se  apiilic.itions. 
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For  siibsoqiiont  ('valuations  heroin  (such  as  cost  estimates)  analysis  will  also 
include  the  off-site  data  reduction  processes  required  in  each  particular  case. 

POE  Direct  Drive  (P) 

The  pulse  direct  drive  of  facility  POEs  is  a method  often  employed 
to  auument  illumination  of  the  facility  by  radiatinj;  or  bounded  wave  simulation. 
IXie  to  insufficient  couplinia'  the  latter  methods  inadequately  or  improperly  d uve 
POFis.  .\n  e.xample  of  this  would  of  course  be  Iona  aerial  lines.  IXilse  Direct 
Drive  is  therefore  often  employed  to  provide  these  time  domain  simulations 
and  or  to  extend  to  threat  levels  imd  facility  nonlinearities. 

POE  Direct  Drive  (CVV) 

The  direct  drive  of  facility  POEs  in  the  frequency  domain  is 
employed  for  reasons  similar  to  tho.se  of  puLse  drive,  that  is  direct  mciusuremcnt 
of  transfer  functions.  However,  this  method  would  not  normally  be  used  to 
threat  levels,  but  rather  to  extend  the  dynamic  measurement  r.inac  for  obtaimna 
transfer  functions  of  linear  .sy.stems.  This  method  is  frequently  u.sed  to  measure 
parameters  to  aid  in  analysis. 

PuLse  Radiatina  Simulation  (Hiah-  and  Low-Level) 

Pulse  radiatina  simulators  are  employed  for  assessment  of  direct 
eneray  penetration  into  facilities  and  excitation  of  some  POEs.  They  have 
advantaae  in  efficiency  of  assessment  by  virtue  of  their  time  domain  nature. 

They  differ  in  peak  field  levels  (from  as  little  as  I kV  m to  full  threat  levels). 
siK'ctral  content,  polarization,  and  uniformity  of  excitation.  Therefore,  selec- 
tion of  a pulse  simulator  is  determined  by  the  particular  facility  to  1k'  tested. 

Tlie  puLse  simulators  to  lie  considered  in  this  study  are  TEMPS.  RES-1.  and 
SIEGE  type  underaround  excitation. 

CW  Radiatina  Simulators 

The  methods  employed  by  these  sinalo  or  swept  frequency  simulators 
have  their  principal  advantaae  in  the  e.xtended  dynamic  ranae  of  measurement. 
Peak  field  levels  are  comparatively  very  low.  Has  utility  in  obtainina  sy.stem 
transfer  functions  and  to  identify  flaws  ("leaks")  is  shielded  sites.  C\V  drive 
iKiunded  arrays  offer  further  increa.sed  ranao. 
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S'uV)systcm  or  ''Black  Box"  Tests 


This  method  is  employed  in  instances  when  facility  POEs  can  not 
driven  to  threat  levels.  It  is  used  to  determine  upset  and  damage  thresholds 
and  margins  of  safety. 

Scale  Modeling- 

While  not  commonly  employed.  Scale  Modeling  offers  an  alternative 
approach  to  complex  facilities:  to  in.stances  where  analysis  and  analytical  models 
offer  limited  confidence  and  may  not  be  possible  becau.se  of  practical  reasons. 

Inasmuch  as  there  are  numerous  permutations  of  the  ei”:ht  assessment 
techniciues,  preliminary  screening  based  on  engineering  judgement  and  experience 
was  performed  to  arrive  at  a reasonable  minimum  set  of  combinations. 

Based  upon  the  four  representative  sites,  the  foregoing  test  methods 
have  been  grouped  into  combinations  of  methods,  each  combination  thus  forming 
.in  assessment  technique.  Eight  as.sessment  techniques  were  considered  applic- 
able .ind  sufficient  for  all  four  representative  sites. 

Clearly  the  u.se  of  an  arbitrary  number  of  permutations  of  all  possible 
combinations  of  te.st  methods  is  not  feasible.  The  re.sult  would  expand  the  .sub- 
sequent technique  evaluation  ta.sk  lx>yond  manageable  proportions.  Therefore, 
for  each  site  evaluation,  techniques  were  based  not  only  upon  the  particular  site 
characteristics  but  also  upon  that  which  was  reasonable,  and  thus  necessarily 
contain  an  element  of  .subjectiveness. 

At  the  other  extreme,  there  has  been  the  strong  tendency  to  prejudge 
as  to  the  one  single  .suitable  as.sessment  technique  at  the  exclusion  of  all  or 
many  others.  Avoiding  this  tendency,  a rca.sonable  set  of  as.sessment  techniques 
has  Ixien  cho.scn  for  each  site  and  the  judgement  as  to  the  most  .suitable  will  be 
determined  by  .subsequent  evaluation  criteria. 

For  each  of  the  individual  four  actual  sites,  additional  preliminary 
screening  was  performed  to  arrive  at  a rea.sonablc  .set  of  techniques  which 
could  be  applied  to  that  site.  Tlie  techniques  chosen  for  the  various  sites  arc 
illustrated  in  Table  1-3. 
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sriE  1 

Tochnique  1 
Tc'chiiiquo  2 
'l  echniquo  3 
Torhiiiqiio  4 
T('C'hniquo  5 
Tochniqup  6 

Sri  F 2 

Toclini(|U(>  2 
Toc'hniquo  3 
'I'echniqup  5 
Technique  6 
3 1‘chniciue  7 
1 h'chnique  8 

■STTF  3 
T('chnique  2 
Technif|U('  3 
Technique  6 
Teclinique  7 
3 ('chniqiu'  8 

SH  F 4 
3'echnique  2 
3'echnique  3 
3'ec(inique  4 
Ih'Chnique  8 
3 echnique  7 
T echnique  8 


Table  1-3 

Assessnunit  Techniques 


Analysis;  Scab'  Morh'lin^-;  Subsystem  ("Black  Box")  Testing 
Analysis:  CW  Radiation:  POF  Direct  Drive  (P) 

Analysis:  Hit;h- Level  Pulse  Radiation:  POF  Direct  Drive  (P) 
Analysis;  POE.'  Direct  Drive  (P) 

Analysis:  CW  Radiation:  Subsystem  ("Black  Box")  Testing 
Analysis;  Hii;h-Level  Pulse  Radiation 

Analysis;  CW  Radiation;  POE  Direct  Drive'  (P) 

Analysis:  Hi^li-Level  Pulse  Radiation;  POE  Direct  Drive  (P) 
Analysis:  CW  Radiation;  Subsystem  ("Black  Box")  3'estintt: 
Analysis:  Hitth  Level  Pulse'  Radiation 

Analysis:  Le)\v-Leve'l  Pulse'  Radiation:  POE  Direct  Drive  (P) 

Analysis;  CW  Radiation:  POF  Direct  Drive'  (CW):  POF  Direct 
Drive-  (P) 

Analysis:  CW  Radiation:  POF  Dire-ct  Drive-  (P) 

Analysis:  Hi”h-Le-vel  Pulse  Radiation:  POF  Dire-e-t  Drive-  (P) 
Analysis:  Hittii  Le-ve-1  I’ulse  Radiatioti 

Analysis:  Lo\v-Le-vel  Pulse- Radiation:  POF  Dire-ct  Drive  (P) 

Analysis:  CAV  Radiation;  POF  Dire-ct  Drive-  (CW);  POE)  Dire-ct 
Drive-  (Pi 

Analysis;  CW  Radiatieni:  POEl  Dire-ct  Drive-  (P) 

Analysis:  Hitih- Le-ve-1  Pulse  Radiatieen:  POE)  Dire-ct  Drive-  (P) 
Analysis:  POF  Dire-e-t  Drive  (P) 

Analysis:  Hii;h  Le-ve-1  Pulse  Radiatie)ii 

Analysis:  0)W-Le've-1  Pulse  Radiatie)n:  POF  Direct  Drive  (P) 

Analysis:  CW  Radiatiem:  POF  Dire-ct  Drive  (CAVl;  POF  Direct 
Drive  (P) 
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For  oacli  site  and  for  each  i:roupin^  of  Ic'cliniques.  a final  evaluation 
to  determine  the  optimum  analysis  test  mix  was  performed.  F’or  ihe  final 
('valuation,  a sc't  of  evaluation  critc'ria  were  developed. 

1.3  EVALUATION  CRITERIA 

In  order  to  assess  th('  applicability  and  desirability  of  usiii”  a i;iv(m 
t(\st  and  or  simulation  U'chnique.  the  following  ('valuation  criteria  have  been 
established. 

1.  Accuracy  of  Data 

2.  Approximate  Cost 

3.  Duration  of  Test 

4.  Interference  with  Routine  Facility  Oiieration 

The  meaning  and  application  of  the  above  evaluation  criteria  will  be 
discussed  in  the  following'  parau;raphs. 

1.3.1  Accuracy  of  Data 

The  amount  and  type  of  data  required  of  a test  program  is  dictat('d 
by  the  confidence  r('quirements  of  the  assessment  program,  and  tlu'  confidence 
interval  provided  by  the  analysis  portion  of  the  proiJ,ram  alone,  with  data  provided 
by  other  test  techniques.  For  instance,  should  a hi'^h  confidence  ass('ssm(‘ni  be 
desired  in  conjunction  with  a low  confid('nce  analytical  technique,  then  lar^e 
volumes  of  ('xtremely  accurate  hifih  quality  data  would  be  requir(‘d.  Conversely, 
if  an  extensive,  hi”h  confidence  analytical  ass('ssment  program  is  utilized  then 
less  data  would  be  required  to  validate  portions  of  the  analytical  model.  For 
|)urposes  of  this  prottram,  data  quality  has  b('('ii  divided  into  thre('  categories, 
hii’h,  i.  e. . ('rror  bounds  of  b'ss  than  (>  dB:  medium,  i.  e. . error  bounds  Ix'tween 
G and  20  dB;  and  low.  i.  e. , error  bounds  within  20  to  40  dB.  Error  bounds  in 
excess  of  40  dB  are  considered  unacc('])tabl(>.  Achievable  data  qualities  for  the 
potential  simulaticjii  and  measurenH'nt  techniques  to  be  utilized  in  a t('sl  w('re 
assessed  based  upon: 

1.  Direct  historical  ('vidence  of  data  taken  on  similar  site  or 
test  items. 
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2.  Based  upon  cxpcricneod  and  demonstrated  relial)ility  of  a 
knowTi  measurement  technique  or  measurement  devices. 

3.  Based  upon  e.stimated  reliability  of  required  mea.surement 
techniques. 

The  accuracy  of  analytic  techniques  were  also  evaluated.  For  this 
study  it  was  as.sumed  that  the  analysis  techniques  to  be  considered  wf)uld  have 
accuracies  comparable  to  the  predictive  capability  of  the  PRESTO  code.  This 
code  has  lx?cn  used  to  develop  EMP  and  TEMPS  environment  respon.se  predic- 
tions at  two  AUTOVON  facilities.  Compari.son  of  test  data  to  pretest  predictions 
has  lx?en  loerformed  to  determine,  in  a quantitative  fashion,  the  accuracy  of  the 
predictions  as  a function  of  the  level  of  complexity  of  the  coupling  path  to  the 
point  at  which  the  prediction  and  the  subsequent  measurement  were  made. 

(see  Reference  1). 


1. 3.  2 


Co.sts 


SIMULATORS  — Each  of  the  potential  EMP  simulators  that  have 
been  evaluated  in  this  program  have  teen  examined  to  determine  their  approxi- 
mate oper  ating  costs.  Simulators  in  this  sense  applies  to  pulse  and  CW  cable 
drivers,  low  level  radiators  as  well  as  threat  level  simulators.  Each  has  teen 
evaluated  to  determine  such  factors  as  transportation  co.sts,  setup  and  tear- 
down  times,  iuid  manjX)wer  requirements,  operating  costs  (i.e.  , numter  of 
per.sonnel  and  material  required),  data  acquisition  co.sts,  and  finally  data 
reduction  co.sts.  Whenever  two  simulators  or  two  types  of  simulation  will 
satisfy  a te.st  requirement,  the  loss  expensive  simulator  has  teen  the  one 
which  has  been  recommended. 


ANALYSIS  — It  has  hcni  assumed  for  the  purpose  of  this  study.  Uiat 
analysis  techniques  will  be  based  upon  the  PRESTO  prediction  modeling  code 
which  has  been  employed  and  developed  by  the  Boeing  Company  in  support  of 
the  PREMPT  and  APACHE  Programs.  No  attempt  is  made,  or  intended  to 
provide  actual  or  reasonal)le  cost  for  any  of  the  analytical  assessments  to  be 

3 

encounter('d  in  the  DNA's  C Assessment  Programs.  Riither  a relative  cost 
in  rank  orders  for  the  various  analysis  efforts  has  been  developed.  There  are 
many  assumptions  and  ground  rules  in  this  costing  effort  which  may.  or  may 
not.  hold  during  an  actual  assessment.  In  determining  the  relative  cost  of  an 
analytical  assessment,  the  size  and  complexity  of  the  site  combined  with  the 
availability  of  test  data  will  be  primary  consideration,  for  instance  a fairly 
simple  facility  with  limited  numbers  of  penetrations  which  was  to  be  subjected 
to  a full  scale  simulation  test  would  require  very  little  in  the  way  of  analysis. 
Eor  this  tyj)e  of  facility  and  this  type  of  technique  an  "abbreviated"  analytic 
assessment  would  be  considered  adequate. 

1.3.3  Practicality 

Each  of  the  test  and  simulation  techniques  has  been  evaluated  and 
ranked  in  terms  of  the  practicality  of  instrumentation.  Those  factors  which 
influence  the  practicality  of  a test  technique  include  such  things  as  the  number 
of  independent  agencies  requiring  coordination,  the  size  and  complexity  of  the 
physical  facilities  required,  the  logistics  requirements  and  their  availability, 
site  access  topology  and  location,  (e.  g. , use  of  a TEMPS  type  simulator  on 
steep  rocky  mountainous  terrain  would  not  be  recommended). 

1.3.4  Interference  with  Normal  Oj^eration 

The  potential  forms  of  interference  with  routine  operation  have 
been  grouped  in  thr('e  categories.  These  are: 

1.  physical  modifications  to  the  site. 

2.  interruptions  of  site  functional  activity,  and 

3.  Special  safety  considerations. 
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lu  tlic  first  category,  each  simulation  or  test  technique  has  been 
evaluated  and  ranked  according  to  those  modification  requirements  attendant 
upon  use  of  that  simulator.  There  are  then  three  clas.ses  of  modification. 

The  first  of  the.se  is  moderate  which  would  include  limited  earth  work,  limited 
temporary  site  modification,  .such  as  disconnecting  cables,  or  installing  special 
me.i.surement  devices.  ITe  .second  category,  which  is  more  severe  in  nature, 
woidd  include  potentially  large  earth  work,  expensive  or  more  permanent 
modifications  to  the  site  for  instance  cutting  holes  in  doors  or  walls  to  route 
instrumentation  cables  or  transmission  links,  and  finally  temporarv  installation 
ot  additional  office  or  laboratory  .space  in  the  form  of  vans  or  I'railers.  The 
fin.il  c.itegijrv  of  phvsical  modifications  would  include  facilities  constiviction  on 
site  .IS  grading,  clearing,  installation  of  footings,  parking  lots,  sanitary  facilities, 
etc. 

1 . 4 KLi: CTHOM.-\GNETlC  APPROACH 

has  engaged  the  services  of  the  Mission  Research  Corporation 
to  provide  additional  analytic  supiiort  in  the  area  of  Flectromagm'tic  Ih'opagation 
and  Cou|)ling.  Using  MRC  computer  codes,  the  incident  and  subsurface  electro- 
magnetic fields  for  an  assumed  high  altitude  (HA)  EMP  and  for  each  of  the 
simulators  have  betm  computed.  Thus,  the  subsurface  fields  generated  by 
the  various  simulators  can  bt'  compared  to  thejse  of  a HA  EMP  to  determine 
the  .idec|uacy  of  the  simulation  technique,  and  the  amount  of  extrapolation  which 
would  be  required.  For  (he  simulators  a crude  approximation  of  the  type  of 
signals  to  be  anticipated  for  each  of  the  four  S|X‘cific  sites  was  calculated.  The 
usefuliH-ss  of  each  of  the  siiiiulators  can  then  be  evaluated  in  terms  of: 

1)  adf'fiuacy  of  simulation,  2)  ability  to  generate  sufficient  response  to  fulfill 
the  data  r(>(iuirements . 

The  various  f>xternal  coupling  paths  have  been  m(Kl('led.  The  pur- 
pose of  this  modeling  (Tfort  was  to  determine  the  relative  curr<>nts  induced  on 
these  coupling  paths  by  an  assumed  H/'  FMP  and  each  of  the  various  radiating 
simulators.  CX  particular  concern  in  any  radiated  FMP  tests  is  the  ability  of 
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this  radiatill^:  simulator  to  ad('quatoly  excito  lon^  coiipliiiu:  paths  such  as  pouor 
linos  or  communication  cables. 

HIGH  AI/HTUDE  FMP  ANALYSIS  - The  HA  field  is  defined  in 
Reference  2.  Two  worst  case  studies  were  made.  Case  I m;eximi/.ed  the 
horizontally  tH)lari/.ed  component  of  the  incident  electric  field.  This  occurs 
at  an  an^le  (jf  incidenc-e  of  26°  from  the  vertical,  witli  an  (dectric  field 
polarization  ans;le  of  79°  from  the  vertical  (Ficure  1-2). 


f- iu.ure  1-2.  HA  Case  I - Antiles  of  Incidence'  and  Polarization 

Case  11  maximized  the  vertically  polariz.e'd  component  of  the  incident 
electric  field.  This  is  at  an  aniile  of  incidence  of  26  and  polarization  an^le  of 
70  , with  the  angles  defiiu'd  as  before. 

The  HA  field  is  uniform  everywhere  at  the  surface.  The 
f'ftect  o(  ground  parametf>rs  on  ttie  reflection  and  transmission  of  the  fields 
by  Hie  "round  need  only  to  be  I'alculated  at  one  point.  Tlie  incident  and  reflected 
electric  and  maynet  ic  fields  wert'  calculated  at  the  surface  of  the  uround  and  th(' 
transmitted  fields  wr-re  calculated  at  1.  f).  10.  15.  and  20  meters  lielow  tlie 

I 

surfac*'.  Thf'  effect  of  soil  water  contents  of  1.  10.  and  50  p<'rc(‘iit  wc>re 
calculated  on  these  fields;  the  10  percent  water  contr'iit  is  an  average  soil,  and 
tlie  I and  50  percent  cases  are  used  as  bounds. 
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Conckictivily  and  sensitivity  are  ol)tained  as  functions  of  frequency 
aecordiii!':  to  tlu'  nietliodolof^>’  of  liOn^niire  (Refercuiee  3). 

The  plane  \vav<>  reflection  and  transmission  eo<  |■fiei<'nts  (Reference  4) 
for  vertical  and  horizontal  polarizations  were  used  to  ^et  the  fields  at  the 
surfact'  and  in  the  liround. 


TEMPS  ANALYSIS  - The  TEMPS  analysis  is  more  complicated 
than  that  of  the  HA.  because  the  TEMPS  fields  are  a function  of  position. 

To  simplify  the  analysis.  TEMPS  is  assumed  to  Ix'  infinitely  lonp;  and  at  its 
maximum  height  (20  meters).  The  electric  and  magnetic  fields  were  derived 
from  measured  output  of  tlie  TEMPS  given  in  F'igaire  1-3.  The  fields  were 
calculated  for  a square  extending  100  nu'ters  in  eacli  direction  from  the  center 
of  the  TEMPS,  at  50  meter  increments.  The  incident,  reflected,  and  trans- 
mitted fields  were  calculated  for  the  same  depths  in  the  ground  as  the  HA 
fields.  Only  the  fields  for  soil  water  contents  of  1 Aiui  10  percent  were  calculated. 

The  analytical  model  for  the  TEMPS  field  was  necessarily  simple, 
and  was  based  on  theory  for  an  antenna  infinite! v lone.  1 expressions  of 
Jordon  (Referenci'  5)  for  a finite  antenna  were'  (’xpanded  to  giv(>  tlie  infinite 
antenna  result. 

The  results  are: 
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where  E and  E are  the  (dectric  fields  longitudinal  and  radial  to  the  antenna, 
z y 

respectively,  H0  is  the  magnetic  field  azimuthal  to  the  antenna,  y is  the 
perpendicular  distance  from  the  antenna,  z is  the  longitudinal  distance  from 


the  center  of  the  antenna,  and 
and  if  is  a constant. 


H = v/y^ 


* z 


(t)  is  the  pulser  voltage. 
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These  equations  were  normalized  to  ^ive  a peak  eleetrie  field 
of  50  KV'm  at  50  meters  from  the  antenna  having  the  waveshape  of  Fif^ure  1-3. 

The  fields  in  the  ^^round  were  calculated  usin^  the  same  reflection 
coefficients  (which  depend  upon  an^le  of  incidence)  as  were  used  for  the  HA 
calculations . 

SlFGFf  ANALYSIS  — The  SIEGE  fields  are  a function  of  position 
also.  For  this  study  the  SIEGE  array  was  assumed  to  be  3 meters  above  the 
ground,  and  110  meters  lon^.  The  total  electric  and  magnetic  fields  are 
calculated  beneath  the  simulator  at  the  same  depths  as  before  at  various 
locations  along  the  length  of  the  simulator.  The  ground  has  a conductivity 
of  0.01  mhos ^me ter  and  a relative  |)ermittivity  of  100,  which  approximately 
corresponds  to  a soil  water  content  of  10  percent.  The  fields  are  calculated 
for  two  different  pulsers  exciting  the  SIEGE:  one  is  a standard  double- 
exponential pulser,  whose  out]3ut  is  shown  in  Fig-ure  1-4,  and  the  other  is  a 
ste[)  function  pulser  shown  in  Figure  1-5. 

Tlie  methf)d  of  solution  is  a two-dimensional  time  domain  finite 
difference  solution  of  Maxwell's  equations.  Neither  the  source  end  nor  the 
load  end  of  the  above  ground  array  was  loaded. 

OVERHEAD  CARLE  CITIRENTS  ANALYSIS  - The  currents 
induced  on  a cable  by  the  HA  and  TEMPS  fields  were  ciilculated.  The 
cable  was  defined  as  a 1-3/4"  OD  power  line  cable  with  an  1/8"  thickness  of 
insulation  with  a relative  permittivity  of  2.75  (polyethylene).  Two  lengths,  50 
and  100  meters  were  studied,  llie  cables  were  10  meters  above  a ground  witli 
10  percent  water  content,  and  were  shorted  to  earth  on  each  end  by  an  additional 
length  of  (he  cable  extending  to  the  ground  level. 

For  Hz'  excitation,  the  worst  case  of  broadside  incidence  was 
calculated,  i.e.  , the  entire  length  of  the  cable  is  excited  simultaneously. 

The  cable  is  excited  by  Ix)th  the  incident  and  reflected  (from  (he 
earth)  waves  with  aijpropriate  time  delays. 
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TIME,  nsec 


Figure  1-3.  TE.MPS  Tangential  Magnetic  Field  at  50  Meters 
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Figure  1-4.  SIEGE  Double  E.xponential  Pulse  I'xci tation 
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Figure  1-5.  SIFGl''  Stf))  Function  Fxciftttion 

For  the  TFMI’S  c.xcitation.  the  cable  was  orientaletl  as  shown  in 
F' injure  1 -6. 

The  cable  is  aiiain  e.xcited  by  the  incick'iit  and  reflected  waves, 
and  the  spatial  \’;iria(ion  of  the  TF'MPS  fiedds  is  taken  info  account,  includin 
tini(>  delays. 

The  cable  solutions  ai‘e  obtained  liv  usinn:  ti  time  domain  finite 
difference  solution  to  th(>  telcnraplier 's  eciuations  (llefertMice  (ii. 


CABIE 


TEMPS 


TOP  VIEW 


1'ijj.ure  1 -() . TFM  PS  CabU' Or  ientation 
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lU'RIKl)  CABLK  Cl.'RRFNTS  ANALYSIS  - Tlie  short  circuit  currents 
induced  on  cables  l)uri('d  1 and  5 meters  Ix'low  the  surface  of  the  ground  \v('re 
calculated  for  botli  th('  HA  and  TKMPS  excitation.  The  same  cable  typ(' 
which  was  used  in  the  overhead  cable  currents  analysis  was  used,  as  well  as 
the  same  cable  lengths.  The  ground  had  a 10  percent  water  content,  llu' 
cables  had  the  same  orientation  as  for  those  overhead. 

The  method  of  solution  is  that  of  Wilson  (Reference  7)  which  treats 
the  buric'd  cable  as  a transmission  line.  The  incident  fields  are  those  trans- 
mitted into  the  earth  to  the  ai)propriat(>  depth.  The  HA  fields  are 
incident  everywhere  alony:  the  cable  uniformly,  where  as  the  TEMPS  fields 
are  non-uniform  in  both  amplitude  and  time  of  arrival 

TOWER  CURRENTS  ANALYSIS  - The  short  circuit  currents 
induced  on  a tower  80  meters  hi^h  with  an  averai^e  radius  of  7 meters  were 
calculated  for  both  the  HA  and  TEMPS  excitation  by  usin^  handbook 
information  of  Reference  8. 

The  voltajie  induced  on  the  tower  was  calculated  analyticuilly  by 
inte^ratiiif;  the  incident  electric  field  alon^  the  hei'^ht  of  the  tower.  This 
volta^^e  is  used  with  Figure  2-14  of  Reference  3 tf>  f;ive  the  currents.  The 
TEMPS  induced  currents  are  for  the  confijiuration  shown  in  Figure  1-7. 


TEMPS  I 


TOP  VIEW 


Figure  1-7.  TEMPS  Tower  Confifjuration 
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SUMM.\HV  AND  CONCLUSIONS 

In  thi.s  Section  we  will  pro.sent.  in  .summary  form,  the  re.sult.s  of 
the  ev.iUi  itions.  Lor  each  site,  a matrix  .summarize.s  the  re.sults  in  term  ; of 
e.ich  of  the  evaluation  criteria.  For  simplicity,  each  criterion  h;m  i)ecn 
divided  into  cateirories  .is  shov.ei  in  Table  1-4. 


Table  1-4 
Evaluation  Factors 


1. 

Accuracy  of  Data: 

High 

< 6 dB 

Medium 

6 < cIB  <-  20 

Low 

20  < cIB  s 40 

2. 

Co.st: 

High 

> $500, 000 

Medium 

$100, 000  - $500,  000 

Low 

< $100,  000 

3. 

I Xi  rat  ion: 

.Sh(jrt 

> 3 months 

Medium 

3-6  montlis 

Long 

> 6 months 

4. 

Practicality: 

High 

Quick  and  simple 

Medium 

Moderately  difficult 

Low 

Large  comple.x  program 

5. 

Interference  witli  Site: 

High 

Possibility  of  long  tnuisient  up.set 

Medium 

Possibility  of  short  tnuisient  up.set 

Low 

Require  site  personnel  assistance 

An  ovcnhow  of  the  characteristics  of  the  four  actual  sites  is  given 
in  Table  1-5. 
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Tabu-  1 -5 

C^  on'irw  of  th('  Four  Situs  Chosc'n 


I.  Situ  1 

• Most  Divursity  of  POFs 

Ekiriud  Cahlus  VLF  Antunuas 
11 F Aiitunnas 
Two  Mic-rowavu  Tow('rs 
Satullitu  Ground  Terminal 

• l.anK'  Size:  Gruatur  than  1 km  square 

• Designed  for  FMP  Hardness 

II.  Fllisville.  Florida.  Ground  Entry  Point 

• Simplest  Site  Possilile 

• One  Ruildini^ 

• No  Tower 

• Slii('ld('d 

• Few  Antennas  and  Cabh's 

III.  Lamar.  Colorado.  Ground  Entry  Point 

• Mor('  Typieal.  in  the  Middle'  of  the  Spe'etrum 

• Lnsliiulded 

• Microwave  Tower  75'  from  nuildini: 

IV.  Site  4 Communieatiotis  Station 

• Partially  Burie'd  Tall  Structure' 

• Partially  Sliif'ldf'd 

• Blast  Ilardc'ned 

• Few  POEs 
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/ASSESSMENT 

'CONFIDENCE 
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cy  c,'  ^ o 
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I [Tiink;!  i:  i 

Hi 

M('d 

Med 

Med 

Hi 

l.o 

2 

Hi 

Med 

Med 

Mt'd 

Hi 

Med 

3 

1 () 

Med 

Hi 

Loll” 

Lo 

Med 

A 

Hi 

M('d 

Lo 

Short 

Hi 

Med 

5 

Hi 

Med 

Lo 

Short 

Hi 

1,0 

fj 

Lo 

Lo 

Hi 

Loiur 

Lo 

Lo 

l i^urc  1 -H . Site-  1 Results  <if  f'\  ;iluation 


Tt'chiuque 

1 

.Analysis;  Scale  M<xielin^;  Subsysti'in 
< "Hlack  Hox")  '!'(  still” 

Teehnique 

2 

Analvsis:  C’U  Radiation:  ROI-  Diri-ct  I)ri\(’  (1 

'reehiiir|ue 

3 

Analvsis;  Hi”h  I^'vcd  Pulse  Radiation;  1*()K 
Direct  Drive  (P) 

'reclini(|ue 

‘1 

Analysis:  K)!'  Direct  Drive  (Pi 

Technique 

f) 

Analysis:  CW  Radiation:  Sulisvsteni  ("Hlack 
Hox")  Testiiii; 

Techiii(|ue 

(i 

Analysis;  Hiy,!'  Level  i’ulsc'  Radiation 
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1. 5. 1 


Site  1 Summary 

Rocause  Site  1 is  well  shielded  and  liardeiu'd.  typical  assessment 
type  tests  usinij  liiii'h  level  radiated  pulsing  is  not  recomnn'iidc'd:  this  places 
Techniques  3 and  G on  the  bottom  of  the  rank  orderinu;  of  techniques  for  Site  1. 
see  Figure  1-8.  The  most  confidence  per  dollar  ex]jended  is  u,ain('d  usins: 
Techniques  4 and  5.  Teclinique  2 follows  closely  t)ehind  4 and  5.  C)n(>  of  tliese 
tliree.  or  a coml)ination  thereof,  would  seem  to  l)e  the  preferred  approach. 

Because  Site  1 is  not  yet  built,  it  would  be  extremely  ach’anta^('ous 
to  incorporate  built  in  test  capalsility  design  trade  studi(\s  recommended  to 
evaluate  use  of: 

1.  POE  Direct  Drive  attacliments  such  as  pigtails  or 
toroids  with  assessible  above  ground  attachnumt  points. 

2.  Buried  coils  whicli  could  l)c  driven  in  tlu'  CW  mode  to 
monitor  .shielding  as  a function  of  time. 

3.  Means  of  injecting  currents  directly  onto  tlie  walls  of 
building  to  monitor  shielding  as  a function  of  time. 

4.  Installation  of  permanent  current  j)rol)es  at  tlie  inside 
and  outside  of  POEs  to  monitor  POE  hardness  as  a 
function  of  time. 

In  addition,  it  is  recommended  that  CW  EMI  FtMC  type  tr>sting  of 
th('  building  shielding  t)e  accomplished  during  construction,  Ix'fore  tlie  l)uilding 
is  buried,  and  after  the  l)uilding  is  buried. 

1 . 5.  2 Site  2 Summary 

At  Site  2.  Technique  5 is  tlie  preferred  technique.  It  provides 
medium  accuracy  when  extrapolated  and  has  the  h'ast  interference  witli  site 
activity.  Techniques  2 and  8 are  ranked  just  below  5.  They  provide  sliglitly 
more'  confidence,  but  introduce  a non-zero  probaliility  of  site  upset  or  damage 
during  POE  threat  level  pulse  direct  drive.  Tliese  results  are  shown  in 
Figure  1 -9. 
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Figure  1-9.  Site  2 Result.s  of  F^aluation 


Technique  2 /Analysis;  CW  Radiation;  TOF-’  Direct  Drive  (P) 

Technique  3 Analysis;  High  Level  I*ulse  Radiation;  POE 
Direct  Drive  (P) 

Techni<iue  9 Analysis;  CW  Radiation;  Subsystem  ("Black 
Box")  Testing 

Techni()U('  7 Analysis;  Low  Level  Pulse  Radiation;  1K)F' 
Direc  t Drive  (P) 

Technique'  8 Analysis;  CW  Radiation;  TOE  Direct  Drive 
(CW)  TOE  Direct  Drive  (P) 

Techniciuc'  6 Analysis;  High  Levc'l  Pulse  Radiation 

Note  (1)  C^uc'Stionable  - Additional  tc'sts  or  analysis  requirc'd 


1 . 5.  3 


Site  3 Summary 


The  results  on  the  teelinique  evaluation  at  Site  3 are  similar  to 
tliose  from  Site  2.  'fiiat  is.  Technique  5 is  the  preferred  technique  followed 
closely  liy  2 and  8.  see  Fi^ur('  1-10. 

1.5.4  Site  4 Summary 

Teelinique  7 utili?.inu:  the  vertically  polarizt'd  airborne  RES 
.simulator  provides  the  hit;hest  confidence  assessment.  However,  it  scores 
poorly  in  cost,  practicality  and  site  interference. 

'1  lu'  tlire<‘  other  technique's  evaluated  for  potential  use  at  Site'  4 
appear  to  be  e'qually  desirable.  If  recommended  that  the  particular  test 
methods  e'mploye'd  in  a test  of  this  type  of  site  be  based  on  other  considerations 
such  as  availability  of  e'quipment. 

1.  0 CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Hiu,h  or  low  Ic'vel  radiation  te'st,  eithe'r  CW  or  pulse',  is  not 
re'comnu'nde'd  for  site's  with  ^80  ciB  shie'ldinq  and  hardene'd  pe'nelrations. 

2.  Built  in  test  eie-vices.  such  as  POE  dire'ct  drive  points,  should 
be'  incorjiorate'd  in  ne'W  burie'd  shie'lded  and  hardene'd  site's  tei  monitor  hardne'ss 
e>f  site'  during  its  life'  cycle. 

3.  Ne'W  shie'kh'd  buildiii'^s  should  be'  te'ste'd  during  e-onstructiein  to 
ve'rify  inte'^rity  of  shie'lds. 

4.  Any  final  eie'cision  on  the  use  eif  the'  various  te'sl  me'lheids 
ele'iH'iiels  stronplv  tm  the'  te'st  oiijectives.  and  the'  results  of  this  stuely  should  be' 
re'-e'vaiuate'd  whe'ii  a te'sl  of  any  particular  site-  is  conte'mplated. 

5.  Aeielitional  sludie's  are'  re'comme'tide'd  on  Site'  1 ele'siipi  traele'offs 
for  EMP  se'lf  te'St  capabilitie'S. 

f).  Buildiiu'.s  witli  questionalile'  shieleiin^  should  have'  low  le've'l 
testini;  or  analysis  prieir  to  lii^h  le've'l  te'st  tei  de'te‘rmine>  fe'asibilily. 

7,  This  stuely  pe'rtains  to  HA  EMP  only.  Aeielitional  studie's  should 
be'  i)e'rrormed  to  e)ptimize'  le'stini:  mixes  for  e'lose'-in  c.round  burst  couplin>,t. 
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F’i^ure  1-10.  Site  3 Results  of  Fvaluatioii 


'rec'hnifiuf  2 
Teclini(|uc  3 

Teclinif)u('  5 

T(‘chiii(iu('  6 
Tcc-hnk|iH‘  7 

7‘(‘chtii(|uc  H 


Analysis;  (,'W  Radiation;  TOF  Direct  Drive'  (I’l 

Analysis;  IUkIi  Ft'vel  Pulse  Radiation  PDF 
Dire'ct  Drive  (P) 

Analysis;  CVV  Radiation;  Subsystem  ("Rlack 
Pox"!  Testing 

Analysis;  Hir;b  Level  Pulse  Radiation 

Analysis;  Low  Level  IHilse  ILidiation  POF 
Direct  Drive  (P) 

Analysis;  C'W  Radiation;  Poe  Dire'ct  Drive 
tewj  K)F  Direct  Drive  tPl 


Note  (1 ) (Questionable  - Additional  tests  or  analysis  re(|uired 
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Fif^ure  1-11.  Site  4 Results  of  Evaluation 

Technique  2 Analysis;  CW  Radiation:  TOE  Direct  Drive  (P) 

Technique  4 Analysis;  TOE  Direct  Drive  (P) 

Technique  6 Analysis;  Hif^h  Level  Pulse  Radiation 

Techni(iue  7 Analysis:  Low  Level  Pulse  Radiation:  TOE 

Direct  Drive  (P) 


Techniciue  8 

Note  (1 ) C^estionahle  - Additional  tests  or  analysis  required 


Analysis:  CU'  Radiation;  I^OF’  Direct  Drive 
(CW)  TOE  Direct  Drive  (P) 
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SL'CTIOX  2 

SITF  MODKLS  AM)  SITE-:  I)F;sCin PTIOMS 


()t  tilt'  nianv  potential  site  ,i;eonietr les  which  will  1k’  encountered  in 
3 

Pie  1)\A  C Facility  Assessment  Pro”r.ini.  lour  ”('nerali/ed  classes  were  chosen 
which  iiouiid,  or  typify,  the  maiority  of  these  sites.  For  e.tch  of  these  four 
classes. a generic  site  model  was  uoncrated  which  incorporates  the  character- 
istic iiarametei’s  ot  the  class.  When  the  four  generic  models  typifying  each 
class  were  completed,  an  actual  site  closely  roscmblina  the  i;cneric  model  was 
chosen  for  each  class.  'Hiis  section  presents  descriptions  of  both  the  generic 
sites  and  the  .ictual  sites  chosen.  Table  2-1  summarizes  the  main  characteris- 
tics of  the  four  classes  of  sites. 

2.1  CFNFRIC  SITE-;  DFSCEtl PTIONS 

2.1.1  Site  1 

E’taaire  2-1  portrays  the  generic  model  typical  of  Class  1.  This 
model  IS  centered  .iboul  a buried  central  buildiii”  functionini;  as  a communica- 
tion center.  This  buildim;  is  both  burit'd  and  .shielded  and  has  treated,  ii.irclene  l 
penetr.itions.  .\11  jienet r.itions  regardless  of  the  nature  or  source  enter  throuith 
an  FMP  yault  which  contains  .sur;;e  arrestors,  filters,  and  simial  conditionimt 
eciuipment.  'Hie  site  model  incorporates  most  conceiyable  communication  cable 
penetrations.  This  includes  satellite  up  and  down  links,  microwaye  links.  1. 
car rier  communicat ion  1 inks,  local  communications.  HP’.  MP'.  and  1 . P'  r.idio 
communication.:,  etc.  The  ancilb'ry  builrliim  cables  .ind  .mtennas  coyer  a l.irue 
area,  up  to  out'  kiloimner  squ  ire.  The  interconnected  buildings  are  .ilso  diyerse 
111  geometry  aiul  function.  Some  of  tht'se  liuildiiuts  are  buried,  some  .ire  shielded, 
some  are  Ixith  and  some  are  neiuier.  Hecaust'  of  the  lart^e  area  and  the  diyerse 
n.ilaire  of  the  total  silt',  only  the  central  buildiiip.  the  communication  center,  will 
be  the  subject  of  a hypothetical  yulnerabil ity  as.scssment . 
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VC.  Complex  Site 

Mam  mterconneeted  liuildiniis  --  .some  Imru-d.  some  shiolded.  some  botli.  some  'U'ttlicr 


Kxteni.il  POK  --  ivpical  power,  utilities,  no  communication  cables 
Height  50  feet  .ibive  umound 


2.  1 . 2 


Site  2 

The  .m'lu'nc  model  of  SiU'  2.  shown  in  r-'i'.an’e  2-2.  tviiifies  the 
simpl(>st  possd’lo  buried  comnuinie.U loii  f.icilitv.  Tins  ehus.s  of  bu'diiv  is 
buried  and  sliielded,  bul  does  not  incorpor.iie  spc'eifie  liMP  luirdeniim  ire.itnien' 
for  Its  penetrations.  This  ehiss  of  site-  is  limited  to  a minimum  number  and 
Ivpe  of  ptmeirafioiis.  This  includes  power  lines,  a lairied  communicalioii  cable. 

.uid  limited  number  and  varietv  of  antennas.  This  type  of  facility,  which 
incorpor.ites  liMP  field  shielding  around  the  buildiim'  Init  dot's  not  incorpor.ite 
UMP  hardenini;  of  the  penetrations  is  typical  of  facilities  desimied  in  the  middle 
and  late  t.0's.  This  model  m.iv  include  a possible  microwaye  tower. 

2.1.3  -Site  3 

Fiuure  2-3  portrays  generic  .Site  3.  Site  3 is  ;i  buried  .uid  un.shielded 
site.  The  ma|or  differences  between  Site  Model  2 anti  Site  Model  3 is  the  .ibsence 
of  shieldinii  on  the  lairied  facility  in  Site  -'3.  In  .iddition,  site  3 is  more  complex 
in  th.it  it  incorpor.ites  a l.iruer  y.irii'ty  of  penetr.uions.  Specific. illy.  .i  l.iraer 
numlK'f  of  antennas  and  communication  cables  are  prc.sent.  This  type  of  struc- 
ture. i.e..  buried  but  unshielded,  is  typic.il  of  facility  desiipied  or  constructed  in 
the  Lite  50's  and  early  60's. 

2.1.4  Site  4 

Class  ■■■4  was  chosen  because  it  represents  a number  ol  lacilities 
which  arc  partially  buried  r.ither  than  completely  buried  and  parti.illy  shiekU'd. 

Site  1)4  generic  modt'l  is  shown  in  Figure  2-4.  Cl.iss  “4  is  .i  "hybrid"  model 
l)t'c;iu.se  it  is  only  parti.illy  buried  and  only  partially  shielded.  It  is  repre.sen- 
^ tatiye  of  .i  l.irge  number  of  sites  which  do  not  clearly  kill  into  the  preceding 

three  clas.ses. 

2.2  ACTUAL  SITF  DF.SCHl P TIONS 

A brief  overyiew  of  the  four  achi.il  siti's  selecti'd  for  thi.s  study  i.s 
given  in  Table  2-2.  The  t.ible  cont.ims  .slmrt  lists  of  the  silt's'  char.icti'ristics. 

The  ch.ir.icterist ICS  for  eacli  site  typify  one  of  the  four  clas.,es  of  gt'iit'ric  sites. 

i 


Fi^ui-f*  2-2.  Site  2 Model 


uri  2-4  Sit(  4 Mndrl 


Table  2-2 

(A'orviow  111  iho  Finn-  Sites  Chosen  and  Ihitionalf 


1 


i 


III. 


I 


r 

i 


IV. 


SiK'  I 

• Most  Diversity  of  POFs 

--  Buried  Cables  VI.F  .\ntennas 
--  llF.Vntennas 
--  Two  Microwave  Towers 
--  Satellite  Cround  Terminal 

• F.ir^e  Size:  (jre.Uer  than  I km  s(|U.ire 

• Designed  for  FMP  Hardness 

Fllis\  ille.  Florid. i.  Ground  Fntry  Point 

• Simplest  Site  Possible 

• One  Buildni”' 

• No  Tower 

• Shielded 

• Few  .\ntenn.is  and  Cables 

Lamar.  Color. ido.  Ground  Fntry  Point 

• More  'Pvpical.  in  the  Middle  of  the  Spectrum 

• Fnshielded 

• Microwavi’  Tower  75'  from  Building' 

Sit('  4 .Microw.ive  Station 

• Partially  Buried  Tall  Structure 

• Partially  .Sliielded 

• Blast  Hardened 

• Few  POFs 
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2.2.1  .Sill  1 Di  siT ipt  mn 

Tlu'  ni;i|i)r  FMP  ch.ir.u'tcriHi ics  of  Site  1 .ire  li.sieci  in  T.ible  2-3. 

T.ible  2-3 
Site  1 De.scr  ipi  ion 
Plan  View  .ind  Dimensions 

• .See  Figure  2 -a 
Point  of  Fimrv  Fist 

• nirccl  ixneti’ation 

- .All  buildings  .ind  cables  FMP  shielded 
4nini  thick  welded  steel 
C.iblcs  into  buildings  vi.i  FMP  vaults 
Main  buildiim  104ni  x 90m  x 15m  hiiih;  buried  5m 
Four  buried  switch  f.icilities 

• Two  microwave  towers  (r)2ml  and  1 icilitics  - above  i;round 

• Two  VLF-’  FF  antennas  - buru'd  hori/.ont.il  monopole 

• I-'our  HF  .inti’unas  - hori/.ont.il  dipole  whip 

• .Siitellite  around  termin.il  - dish  .inteniu  .ind  f.icilitv  - above 
u round 

• Two  switched  telephone  lines  - into  switch  point  - buried 

• One  leased  commu  iic.it  ion  c.ibk'  - into  switch  point 

• Prim.irv  power  - above  around  into  site 

Shu'lded  tr.insformer  .it  e.ich  buildina 
.Second. iry  lines  in  buried  conduit 
Into  buildina  f>a  FMP  vaults 

Important  Features  .ind  Pecul.ir it ies 

• lairae.  complex  site  - m.inv  buildinas.  cables.  PC)F’s 

• Desianed  to  be  very  h.ird  to  FMP 

• Impossible  to  sinuilt.ineously  illuminate  (Mitire  site 


Fijiurc  2-5.  ^itc  1 Plan  V'icu 


2.2.2  She  2 I)cscri|)l ion 

Tho  ma|or  KMI’  charactori.st ics  oC  Silo  2 arc  listed  in  Table  2-4. 

Table  2-4 
Site  2 Description 

Plan  View  and  Dimensions 

• See  b'iKUi'c  2-6 
Pt'iiei  rat  ions 

• See  Table  2-5  ot  antennas 
Important  Features  and  Pecularities 

• FMP  Shielded  Ijuildintt 

• No  tower 

• Few  penetrations 

Mam  DuLldinu 

The  buildiim:  is  ;i  concrete  rebar  structure  desimied  for  .survival  to 
50  psi.  Fc|Uipment  installed  in  the  buildiiut  is  shock  mounted  to  withst.uid  an 
overpressure  of  50  psi,  I'he  bottom  .sl.ib  is  38,  2 feet  below  the  root  slab.  Iheri' 
is  an  averaei'  of  5 feed  of  .soil  .ibovi'  the  toj)  sl.ib.  In  .iddition,  there  i.s  .in  alxive- 
tiroimd  ixirtion  of  the  structure  which  contains  .in  equipment  shaft  hoist  .ind 
entrance  doors.  Ilie  reinforcing  bar  size  .ind  siiacinit  v.irv.  The  .iver.ipe  size 
is  7 ^;iui;e  .it  an  .iverait,e  sp.icin^  of  2 feet,  'f’he  rebar  is  tied  toi;eth('r  cverv- 
where  with  1 0-f^tuiife  iron  wire,  (Reference  <)  h 

The  concrete  thickness  varies  as  follows: 

’I’oi)  slab  2 feet 
Dottom  slab  2 feet 
Middle  floor  12  inches 

Outside  walls  1 loot.  6 inches 
There  is  .i  second  buildmu;,  structurallv  si'par.ited  Irom  the  m.iin 
buildinu.  which  has  a i^aratie  .ind  storatie  .iri'.i.  'Iliere  is  no  .iccess  to  this 
buildini;  below  ttround.  Kleclric.il  power  .ind  water  .irc  supplied  via  conduit 
.iiid  pipe  ruiiniim  uiider^around  Irom  the  main  building. 
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THF  PtNtTKATION  POINT. 


rho  earth  resistivity  for  this  site  is  estimated  to  be  15  .o  20  ohm-m 
since  the  Ixittoni  slab  is  close  to  the  water  table. 

For  protection  from  lishtninn  and  EMP.  the  buildiiuj  is  wr..,pped  with 
a 7 ounce  copper  .sheet  which  is  attached  to  the  peripheral  yround  rods. 

Ground  rods  .surround  the  perimeter  of  the  buildinu;  and  are  spaced 
every  10  feet.  'Hie  iiround  rods  are  0.  75  inches  in  diameter  and  10  feet  lone, 
of  copper-clad  steel. 

Waveipiides  and  Tran.smission  Lines 

There  are  no  waveuyiides.  horns,  or  tower  at  this  site.  Tliis  site 
does  not  have  any  soft  CIlU-1085  antennas. 

H a r d CHU  .\ntenna 

Tlie  four  hardened  antennas  (CA-3018H)  arc  located  approximately 
285  feet  due  we.st  of  the  m.im  buildini;  and  .ire  placed  on  two  .separate  towers. 

The  cables  from  each  of  the  hard  CHU  antennas  penetrate  the  ground 
at  the  .intenna  ba.se.  Tlic  cables  run  310  feet  to  350  feet  to  the  buildin.c;. 

Carrier  Cables 

The  three  L-4  cables  are  approximately  2 inches  in  diameter  and 
e.ich  h.is  an  1 8 inch  lead  .shield  covered  by  .in  1 8 inch  insuhitor. 

.\ntcnnas 

The  only  antenn.is  that  exi.st  .it  this  site  .ire  (1)  FM  antenna  .md  f2) 
CHU-3018H  hard  antennas. 

Focal  Telephone  Lines 

One  1.25  incli  diameter  loc.il  telcplione  line  calile  (liuried)  enters 
the  Ijuddin^. 

I >rimary  Power 

'Die  main  power  lines  .ippro.ich  the  site  from  the  northeast  alxive 
Iiround.  At  .i  point  150  feet  from  the  northeast  corner  ol  the  buildini;.  the 
power  lines  enter  the  around.  'Hie  power  c.ibles  are  encased  in  one  conduit 
twhich  is  III  concrete).  Each  conduit  is  4 inches  m di.imeter.  separated  from 
each  other  by  3 inches,  .ind  travels  .ipproxiniatelv  1 foot  underground  to  the 
jxiwer  transformer  loc.ited  .it  the  northe.ist  side  ol  Hie  liuildini; 
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2.  2.  3 


CQP 


Site  3 nesi'i’ipi ii)ii_ 

SiU'  3 is  chariictcri/.cd  as  a lairicc)  unshielded  buildiim.  sliahtlv 
mure  compU'x  in  nature  than  Site  2.  Table  2-G  presents  the  maior  KMP  related 
charaeterist  ies.  A plan  view  is  shuuai  in  Future  2-7. 


Table  2-C' 

Site  3 Deseriptiun 


Plan  View  and  Diinensiuns 

• See  Future  2-7 
Penetrations 

• See  Table  2-G 

Important  Features  and  Pecula rit  it  s 

• 'I\i)ieal  uround  entrv  point 

• Buried,  unshit'lded  constinetion 

• Mieri)wave  tower  and  1,  eibles 


Main  Buildnut 

The  buildiiut  us  a conereK'  relur  structure  desutiu'd  lor  .'■urviv.il  to 
30  p .i  Bep'rence  !1).  The  boltom  sl.ib  u;  3H  teet  Iv'low  the  earih'--  surlare.  There 
are  .iboul  two  feel  of  soil  above  the  to|)  sl.ib.  in  .iddiiion.  liiere  is  .in  .ibi ivt' -arniind 
portion  ol  the  siructurf'  Ahich  font. tins  u.o-c.ir  t.u  i^te.  louvered  mt.ikt'  .iir  tnr 
.iir  condit  ion  nut.  and  entrance  doors.  The  reb.ir  sp.iciiut  wirie-^  Iroin  h in  12  incTa'-. 
The  rebar  is  tied  to”;ellu'r  evt'rvwhere  e.xct  pt  .it  tlu-  l-lie.iins.  where  ii  i-  •.‘.(dded. 

The  concrete  thickness  varies  ,is  follows: 

To))  slab  2 feet 

Bottom  slab  2 feet.  2 inches  — ^ 

Middle  floor  12  inches 

(XitsicU'  Willis  1 foot.  G inches 

.A  second  buildiiu;.  st niclur.il Iv  .sep.ir.ited  Iroin  the  mam  buildinu. 
houses  .1  i.',araite  .ind  stor.me  iire.i.  Hiere  is  no  .iccess  to  this  buildnut  below 
'•■nmiid.  ldectric.il  power  and  w.iter  .ire  sup\)lied  to  it  vi.i  conduit  .iiul  pipe 
runniiu;  underttround  from  the  m.iin  buildma- 
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2 in  PUMP  DISCHARGE  LINE 


MST  CABLE  ' . ^ » INCOMING  POWER  LINES  (Above  Ground) 


S'NOI  I VM.I  MN  ^.I  C I I IS- 


Cl  IIIN  IOJI!)  S’l  (INV  NOI  l.VM.I, 
-MNMd  (l.I.I.-IV  A'ri.l.VKIMI’JlMI  XOll  NOIMMlH 
KH-M.N.’i  M'inv.)  KIIS' .IS'lW  NO  .I.IdCIN'O.)  M,  I 
-0<jl  X MNU^KIX.I  NIII  1,1  W (I  I.I.IlOfl  I'mv.) 


0 

1 


Tlu-  (‘.irih  rrsisliviU'  tnr  this  siu-  \v;is  49.7  oht  m . 


\V.ivri;iii{io.s  and  Traiisniission  Lines 

Tlu  \va\- can  ides  oxtond  from  the  bonus  at  tht  top  ot  the  microwave 
tow(>r  (950  feet  atiove  irroimd)  to  a point  about  5 I'c'et  above  ground.  The  wave- 
aide  IS  ai'iHinded  to  its  supportmu  .structure  at  .several  points  by  two-^auce 
str.mded  wire  aliout  2 feet  Iona.  'Hie  supportim;  struclure  is  tied  to  the  around 
loop  (list  above  the  wa\-e'.;uide  .sli.ift  entrance  by  "2  0 .AVVG  slr.uuk'd  wire  which 
I'xtends  into  the  an,und  loop  from  one  lea  of  the  structure.  The  visible  portion 
ot  this  wire  is  3 feed  Iona. 

\o  protection  devices  are  present  on  the  waveguides;  however,  there 
IS  .1  liahtnina  arrestor  .it  the  top  of  the  towe'r. 

.Sof  CHT-CA-IOHS  .Antennas 

I w)  soft  antennas,  both  Ivpe  CllU-C.-\-l 085.  are  300  feet  due  north 
(if  tliC'  radio  IX  l.iv  lower  .ind  are  25  feet  apart  m the  northerly  direction.  The 
.intinn.i  is  20.75  inclu's  Imdi  and  14  mcht's  in  dianuder.  'Iliis  anlenna  oper.ites 
o\a  r the  225-  to  400-MHz  lrer|uency  band  with  uains  over  G.  0 dll  and  \ S\\'Rs 
less  tluii  2.  0;1 . 0.  The  cables  enter  the  yround  at  the  support  sl.ib  and  rem.un 
under  round  ( 2 feet)  to  the  radio  lower,  where  Ihev  enter  the  waveuuide 

support  structuix  at  the  b.ise  ol  the  tower.  These'  cables  follow  the  waveguides 
.iloiu;  tlu  support  struclure.  down  the  waveruide  duct,  .md  eventually  enter  the 
buildni'4  at  the  ("isl  wall  20  teet  below  around. 

ll.irdened  (:ill'-3011 1 .Xiileiinas 

The  liardened  (50  psi)  .iiiK'nn.ts  .ire  located  approximaleh  400  leet 
due  north  ol  the  rr'l.i\'  tower,  niese  anienn.is  .ire  colloc.iled  on  a sm.dt'  tower 
and  .ire  Clir  t\pe  C.\ -301  811 . Tlu'  hardened  .intenn.i  produces  a iiorm.il  dipoh' 
p.itlern  and  covers  tin  225-  to  400-Mll/  Ireqiu'ncv  lund  with  a \ SW'H  less  Ih.in 
2:1  on  50  ohms.  The  p.icka.'.e  is  5 feet  l.dl  .uid  29.  5 mcht's  in  di.imeter.  The 
.inteiina  feed  d<  siun  prm  ides  a hu;li-c.tpacilv  dc  |xiih  to  '.'.round  lor  protec'tion 
Iroiii  l-.M l>  and  1 lahtnnia . 
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C^irru'r  Cables 

rh('  l.-l  coax  cable  is  ab.iul  2 inches  in  dianieter  and  lias  D.  125 
inches  lead  shield  covered  bv  a 0.125  inch  insulatoi'.  This  cable  enters  the 
buildinu  more  than  30  feet  below  tlu'  uround  surface.  It  is  buried  at  a depth  ol 
4 feet  after  leaving  the  builditia.  The  two  1,-3  cuix  cables  are  about  3 inclu's 
in  diameter  and  have  an  1 H inch  lead  shield  coverc'd  liy  1 H inch  insulator. 

Kntrv  and  burial  flepth  are  similar  to  the  I.-l  cable. 

Tower  and  Tower  K(|uipment 

The  microwave  relav  lower  is  located  about  75  feet  from  the  north- 
east corner  of  the  main  structure.  'I’he  heii^ht  of  the  tower,  which  cimtains  .i 
Imhtninu  arrestor  .it  Ihi'  top  is  350  feet. 

The  followini;'  ec|Uipmenl  is  located  on  the  lower: 

1.  Two  P20120  10-fool  p.irabolic  dish  antennas.  (Jik' 

IS  locaterl  from  around  Ie\el  .ind  uses  two  trans- 
mission lines.  The  second  is  located  337  fi'et  fi-oin 
around  level,  and  u.'tes  two  waveaviidcs. 

2.  Four  KS-1  5()70Iirf  micriiwave  horns.  loc.ited  at  350 
feet.  liach  emplovs  two  waveauides. 

3.  One  Andri's  150-1  antenna,  located  .it  the  350  lo<it 
lei'el  .md  used  for  local  two-w.iv  r.idio  comniunic.it ion. 

I.oc.il  Teb.‘phone  Lines 

Two  loc.il  telephone  lines  jjenetr.ite  the  buildina.  Numlier  1 proi  ides 
service  to  the  .idiacent  .s.itellite  (ommunic.it ions  buildma  bipproxim.itel v 400 
leet  .iwav).  'IIhs  c.ible.  .ibout  1.5  inches  in  di.imeter.  rem.iins  under. iround 
t.ibout  4 leet)  betwet  n the  two  buildinas  .ind  enters  the  buildma  .ibout  2 leet 
below  the  top  sl.ib  of  the  laidio  power  room,  niis  line  c.irries  coice  and  teli't\pe. 

NumlM’r  2 provides  ser\  ice  to  .t  citv  11  miles  .iw.iv.  This  c.ible. 

.ibout  1 inch  in  di.imeter.  is  underaroimd  from  the  citv  to  the  site. 

Prim.irv  Power 

'I'lie  m.iin  power  lines  .ippro.ich  the  site  Iroiii  the  e.ist  :diove  around. 
.\t  .1  [)omt  125  leet  Irom  the  southwest  corner  of  the  buildma  the  jiower  liiii's 
enter  the  •.round.  The  jiower  c.ibles  .ire  eiic.ised  in  two  conduits,  which  .ire 
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onc:is('(i  in  ('(incroU'.  Kach  conduit  is  4 inclics  in  diameter.  sc|),ir.itcd  trom 
each  other  l)v  2 inclies.  and  travels  approximatelv  1 loot  underground  to  the 
power  iranstormer  located  at  the  eastern  side  ot  the  buildiiu’.  set  ol  li”htniiia' 
iria'slors  is  located  on  the  last  pole  before  the  power  cable  enter.s  the  around. 

\V\VV'  Antenna 

.A  \VAV\'  antenna  which  is  a small  tl  foot  length)  horn,  is  mounted  on 
an  8 foot  pole  on  the  eastern  side  of  the  building.  0.  5 inch  diameter  coa.x 
runs  from  the  horn  to  the  waveauide  and  enter.s  throuah  the  wall  in  the  radio 
room. 

2.2.4  Site  4 Description 

The  plan  view  for  site  number  4 is  shown  in  Fiaure  2-8.  .\n  eleva- 
tion view  of  the  central  microwave  tower  is  showm  in  Figure  2-t) . This  is  a nO 
l)si  blast  hardened  buildiii”,  it  does  not  have  an  intear. il  FMP  shield  oi'  FMT’ 
treated  penetrations.  There  is  some  steel  linina  on  tlu'  vertical  rolls  which 
will  provide  .some  FM  .shieldina.  However,  since  this  linina  does  not  cover  the 
entire  Imildina.  there  will  likely  also  be  some  local  field  cnh.incement  .md  re- 
r.idiated  lields  inside.  Until  some  testina  or  more  detailed  site  survev  .ind 
analysis  show  olherwi.se.  Site  4 .should  be  considered  .is  .in  un.shielded  buildma. 
A typical  power  pole  treatment  is  shown  in  Fia^n’e  2-10. 
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FIBERQUVS  PANEL  (S) 


^ 26  3/4'  ► 


42’ 


45'  • 
50’  • 

.VALLS  1 3/4’  THICK.  SOMl  BLDGS.  WITH  STL.  PLATE 
LINERS  INSIDE  & OUTSIDE. 

FLOOre?:  TYP.  T THICK. 

ELEVATOR  UP  OT4E  SIDE  FROM  HASEME  NT. 

I-  iliiii-E*  2-!J.  Tvpic:i)  Mici-ow;i vc  Towpi'-J- 


BORING 

SILTY  SAND  & BOULDERS. 

SANDSTONE.  BOULDERS  & 
CLAY  SEAMS 


SANDSTONE  & CLAY  SEAMS 

NO  WATER  TABLE  REACHED. 
DENSITIES:  1S6-166  PCF. 

% ABSORPTION-  3.S-4.2 


;i(‘v:il  ion  View 
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0,  Siic  ! |’n\M  r l.iiH  I’oIp- Mnuiiii'd  'rr.insinniii  i'  ,md  ('|•uulld 
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SKC'nON  3/ 

ASSK'SSMK>i:r  MFTHODS,^S^D  A PPI.ICATIONS 

'I'hc'ro  aro  luimc'i'ous  t'xporiment.il  lociinicjUfs  which  can  be  usc'd  in 
;an  I'Ml’  assessment  pcnLiram.  Ih'cause  nu  siiii^le  experiment  can  ijro\-i(ie  all 
tlie  (lata  nt't'ded  to  complete  an  assc'ssmetit  of  a complex  sit(\  the  ('(immoti 
a|)proach  in  tlie  I-iMP  comnutnilv  todav  is  to  use  tests  as  a means  of  reinforcinti 
and  or  veriU  ina  atialvsis. 

Fach  of  till'  various  test  methods  is  desii^ned  to  prot  ide  itisiaht  ttito 
some  portion  of  th('  assessnumt  problem.  In  order  to  more'  intelliuentlv  discuss 
thc'  usefultiess  of  (Mch  test  method  we  will  first  discuss  the  major  elements  iti 
an  I'!\1P  assessment  procram. 

3.1  FMP  ASSFSSMFNT  APPROACH 


TIk'  esstmtial  elements  of  an  FMP  vulnerabil itv  as.st'ssment  of  a 


C’  site  are: 


1.  Determitiation  of  site  elect  romaanet  ic  envirotmient . 

2.  Determinatioti  of  voltages  attd  currcmts  itiduced  bv 
ext('rnal  points  of  C'ntrv  such  as  cables,  towt'rs. 
pipes,  ('tc. 

3.  Determination  of  tlu'  shieldiim  cd'fect iveness  of  the 
buildiiu;  structure. 

‘1 . Propagation  of  POF  coupled  sii;u-tls  m the  interior 
of  tlu'  structure. 

T).  Couplina  of  fields  to  inti'rnal  conductors. 

(i.  Dt'terminat  ion  of  the  daniaat'  .ind  u|ts('t  thrt'sholds 
for  the  critical  interfaces. 

7.  Determination  of  the  functional  response  tin  ti'rms 
of  site  mission  impairment)  of  tlu'  facility  wtum  the 
thresholds  are  excec'ded. 


In  the  course  of  an  FMP  vulnerability  asst'ssment.  all  of  these 
requirenients  can  be  partially  .satisfied  by  analysis.  However,  to  increa.se 
the  confidence'  in  the  assessment,  (i.e.  . to  deert'ase  the  t'rror  bound), 
verification  testina  is  frequently  done. 


I 


3-1 


In  the  c\  .ilii.it lull  III  suii.ilili'  .isscssnicnt  icclinifiues  Im-  the  luui 
sC'lccU'il  siti  <.  iMch  K c'hiii(|U<'  will  In'  ('x>im iiK'il  In  ck'tcrniiiK'  Imw  well  il  fulfills 
the  proeedinu  rucpi ircmcnt s .is  ihes  .ire  .ipplied  to  e.udi  partuul.ir  site.  For 
eaeh  site,  .soine  site  uiiic|iie  fe.iUires  will  .siniplifv.  el  iniin.iK'.  or  add  confidenee 
to  some  ul  the  elenumts  of  the  .m.ilvlieal  assessment.  P'or  mstaiiee  llu'  ii.se  of 
.1  well  shielded  eiielosiire  whose  elect romaeiietie  atteiui.it ion  is  known,  eliminates 
the  ni'ci’ssitv  tor  me.isuriiu;-  or  e. ileul.it iiut  the  .shielding  effectiveness  of  the 
liuildim,,  or  the  couplnm  of  the  fields  of  internal  conductors. 

3.2  .\.S.Si:.SSMFNr  MFTHOfXS  /\\D  .\  P PI  .IC.VTION.S 

3.2.1  .\n.ilysis 

3. 2.  1.1  Definition,  .\n.ilysis  compri.ses  .ill  those  .m.ilvtic.il  or  comput.ition.il 

methods  used  to  predict  the  response  of  a f.icilitv  to  .i  threat  level  FMP. 

3 

Since  the  prim.irv  analytical  tool  of  the  DN,\  C EMP  Assessment  Program  is 
th(‘  PRESTO  code,  il  is  as.sumed  th.it  predictions  will  1k' generated  using  this 
codi’,  or  some  c'f|uivalent  code  whose  accurticv  is  known  for  these  tipplicat ions. 

In  most  current  lame  sc.ile  EMP  assessment  proyrams.  .inalvsis 

Developing  computerized  models  of  the  eleidrical 
geonu'try  of  the  site,  .md  using  these  models  to 
predict  volt.iges  .ind  current.s  at  points  of  interest 
throughout  the  site.  e.g.  . POEs.  critic.il  interf.ices. 
etc. 

Determining  by  h.ind  .inalvsis.  or  from  a .suit.ible 
dat.i  b.ise.  the  damage  .ind  upset  thri'shold  at  the 
critical  interfaces. 

Comparing  1 .ind  2 to  .irrive  .it  a probabilitv  of  f.iilure. 
the  f.iilure  mode,  and  its  effect  on  the  site  mission. 

Ollier  an.ilvtical  appro.iches  and  methods  are  commonly  employed 
on  simpler,  more  tract. ible  problems,  for  e.xample  a calculation  of  the  EMP 
resixiiisc  of  a deliberate  .intenna  whose  fri'riuency  response  is  well  knmni. 


I 


Consists  of: 


2. 


2.  1.  2 Application.  ,\nalysis.  in  il.s  mom'  pcncral  nicaninc,.  can  i)c  used  on 
any  or  all  of  the  elements  of  an  a.ssesstiu'nt  program.  It  is  (juite  common  for 
t>  site  to  he  cnmpleterl  atilizinp  only  antilytictil  or  computational 

pr.  (licK'd  methods.  'I'Ik'  usefulness  of  the  test  techniques  is  to  incr<'ase  the 
accui'acy  and  the  confidence  of  an  analytical  asses.sment  by  vorifyinp;  ih(> 
ticcuracy  of  tlu*  predicted  model. 

'2.  2.  1.  2 Accuracy.  One  of  tlit'  most  important  of  the  e\'aluation  criteria  used 
in  this  study  is  accuracy.  As  applied  to  a t('st  or  measurement  nu'thod  accurticy 
r(  f(’rs  to  a one  sipma  ( rror  bound.  That  is  (58  r of  tiu'  measurenu'nts  will  hav(' 
errors  smaller  than  the  sialt'd  error  bound.  When  the  tertu  is  applied  to  a 
prt'diction  oi-  an  assessment  (whether  of  a circuit  or  a sit(')  the  t(>rm  means  that 
of  the  popultition  of  identictil  circuits  (or  sitc'slwill  have  responses  within  th(> 
s\iecified  error  Ivumds.  '1  he  currt'nt  caimlnlity  for  accuralt'  analytic  piu'dictions 
of  electromamietic  responst'  is  shown  in  Fiyure  3-la.  ttiken  from  Reference  1. 

I he  chtirted  errors  tire  for  a otu'  sinma  confidenct'  internal.  The  cumulativi' 
error  in  iiroceerli nc,  to  itreati'i-  levi'ls  of  comple.xity  adds  linearly  in  the  chart, 
i.  e.  they  an-  not  statist icallv  indi-pi-ndent.  Thus  a test  or  measurement  which 
refines  predictions  from  level  to  level  reduces  the  overall  error  by  the  dif- 
ference betwi'en  chtirted  error  and  nu'asu ri'iuent  error.  For  itistance.  the  total 
cumulati\'e  error  in  an  antilvtic  prediction  at  le\'el  (i  is  22  dB.  A one-cr  metisurement 
of  the  totiil  couplimv  to  level  3 with  tin  error  of  ±2  dB  removes  17  (19  minus  2)  clB 
of  uncertainty.  Bredictions  at  level  si.\  can  now  bi'  madi'  with  only  9 (22  minus  17  i 
dB  error.  I he  levels  of  comple.xity  used  in  this  chart  are  defined  in  Figure  3-lb. 

I his  chtirt  dof's  not  ttike  into  account  uncerttiintii's  in  the  di'lermination 
of  clama^te  anrl  upsi't  thresholds  or  in  iiredictinc,  the  functional  ri'sponse.  Pre- 
diction of  ftiilure  thresholds  by  hand  tintilysis,  b\  recourse  to  a data  base,  or 
by  comparison  to  known  devices,  contains  uncertainties  of  appro.ximatelv  ±5  dB. 

Bltick  box  or  devices  leslintt  refines  the  uncert tiint ies  to  the  spread  within  a 
device  type  ciuisi'd  manufacturing  tolcr.inces  and  item  to  item  variations.  This 
uncertainty  is  of  the  order  of  3.  •}  dB.  Whi'ii  these  ftictors  are  added  to  the*  errors 
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in  I i;' lire  :^-l.  an  analytic  assi-ssmcnl  of  a sit('  lia.- i fi  nn  visual  iiispccinn 
M?il\  IS  s(  cu  III  hr  acciiraic  In  within  approximately  ±25  dH. 

2.2.2  Point  of  Fntrv  Direct  Drive  IPul.sel 

2.  2.  2.  1 Desci’ipl ion.  ,\  point  of  entry  i.s  ('ither  an  aperture  in  the  site 
shieliiinc  or  an  extended  antenna  like  ohject  which  cati  pick  up  relativelv  larcc 
FMI’  induced  voltaws  and  curretits  and  couple  tliem  into  the  site.  For  this 
study  wf'  will  use  tlu'  latti'r  flefinition.  .‘Sample  POFs  are  power  litu's.  telephone 
lines,  sewer  or  water  pip(‘s.  antf'iinas.  toaers.  etc.  'I  he  ( lectroniaciK  tic 
resi)onse  of  a sit('  i.s  fiu'quetitlv  dominated  by  its  POFl.  Tliis  is  particularh  true 
in  the  case  of  a well  shielded  huildiny.  Because  of  the  si/e  and  extension  of 
th(  POFls.  radiated  or  hounded  wave  illumination  fr('i|uently  fails  to  properly 
('.xcite  them.  POFl  direct  drive  t|)ulse>  is  a dir(‘ct  excitation  of  POF'  liy  ;i  hich 
voltape  stort'd  eneryy  pulser. 

2.  2.  2.  2 A])plication.  Use  of  this  technir|ue  allows  one  to  measure  directly 
in  the  time  domain  the  transfer  function  from  the  I'OFl  to  the  critical  interfaces. 

I se  of  hitih  vollaties  and  currents  also  drives  the  POFl  itito  its  nonlinear  ranu. 
if  one  exists.  It  is  often  feasible  to  tailor  the  output  wave.'-htipe  l)\  vai'\  itu:  the 
output  impedance  or  by  usiint  a waveshapinu  network.  Thus,  a wavi  >hape 
similar  to  that  jiredicterl  for  the  POF’  at  threat  can  be  injected.  In  this  case, 
the  tests  (It  verify  the  predicted  model.  (2i  \-erifv  nonline.tr  bcha\ior.  if  .inv.  an  I 
i2)  vield  threat  related  transfer  functions  which  obviat(  > the  in  c-d  for  extrapola- 
tion. Nonthreat  wavesha)H  S are  also  useful  because  thev  pt  iTorm  d i atid  <2' 
above. 

.Allot ht  r type  of  POFl  direct  drive  pulset  in\oh(  s the  use  of  a low 
level  Broarl  Band  Pulse  fBBP).  It  is  used  in  conjunctioii  with  ;i  network  or 
spectrum  analy/er  to  measure  the  transft  r futiction  in  tin  frefim  ncv  dotiiain. 

In  this  rei)ort  POF'  direct  drive  (|)ulsel  mentis  hic.h  let  i 1 excitation;  BBP  tech- 
nirpit'  will  be  discussed  alotic  with  its  close  relali\  t'  ('W  direct  drive. 
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2.  2.  S Accurai  V.  In  l?>  l(  im  ikc  10,  Chaplrr  H.  ii  is  si at(  d iliat  ili<  (iimiinani 
si'un-c  i)f  i rroi’  is  tlir  dcviatinn  frnni  tlic  nominal  iransfi'r  impedance  of  .^lodd.ii-t 
of  Sinucr  probes.  Ho’acv(  r.  llie  lransf('r  funclion  ior  each  indi\'idiial  proiie  is 
provided  li\-  die  manufactu rm'  as  a funclion  ef  frequenc';.  I his  iratisfc  i-  liinclion 
pro\  ided  b\  die  manufacturer  is  accurate  lo  wiiliin  ±1  dll.  Tliis  accuraev  is 
(luoiedbv  the  manufacturer.  Ilt'cause  the  triuisfer  impedance  is  frerjuenev 
dependt  nt.  il  cannot  he  used  to  interpret  pulse  data  in  the  lime  domain,  llow- 
e\  er.  uiili  the  use-  of  projter  ttl^orilhms.  and  a larue  scientific  computer  such 
as  a ('DC  fiOnO  or  t'fiuivaU'iit.  time  domain  data  can  be  t|uickly  transformed  lo 
the  frt'quencv  domain,  corrected  for  frequenc\’  dependence,  and  tlien  trtuisformed 
ftack  lo  a time  domain.  The  cumulaii\  ('  error  in  this  process  o|  diyiti/iim. 
transfoi'iiung,  corrt'ctine.  and  inverting  art'  apitro.ximately  . 0 rill  undt-r  ideal 
coiuUti<.ius . A cotiKcrvaUve  cstiniate  of  a standard  error  in  this  process  would 
b''  1 dll.  Because  they  are  sttilistically  independtinl , we  add  the  errors  in 

(limirtiture  to  yield  an  accurticy  ot  17  percamt  for  the  curtamt  nuaisurement . 
Sima'  the  inj(>cted  curia'iit  tind  the  t(>st  jjoint  curia'iit  ata'  both  measured  by 
similar  probes,  the  error  in  the  tnmsfer  function  is  tippiat.ximately  25  peiacnt. 
or  2 dll.  The  transfer  function  is  rlefined: 


^Ir  ‘test  point  'inp'Cled 

The  voltaue  measurements  uma'rl ainlies  and  calibrations  of  ±2  dB 
weia>  reiairded  in  Heference  1.  It  is  felt  that  improving  the  calibration  pr>i(a'dur. 
even  under  field  (amditions.  (atuld  briny  this  error  down  to  1.  (!  dB  or  ±20  p<  rceni. 
Thus.  t!ie  error  in  Iht'  transfer  function 


X 


I. 


tr  test  point  init'Ctt'd 


is  20  percent  or  ±2  dll.  I hits,  the  average  standard  deviation  for  vollayc  and 
cairrent  transfer  functions  in  a I’OK  dirt'cl  drive  pulse  lest  is  ±2  dB.  and  ±1.  <> 
rlB  for  Ihe  individual  measurements. 
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l*(  )I . I )i  ivc  I Dri  \ (C'VV  ) 


2. 2. .2.1  Dcscnpfinn.  .Sumciiim'.s  it  is  ini pruc lical  to  use  tiiuh  lc\(  1 p-.ilscrs 
b'cau-Sf  111  site  .isscssihilily  . silr  i nlcrlcrcnci' . lime  availalilc . or  oUa  r lat-lors. 
_ A icrlinHiui'  which  usc^  oU'-tlu'-slu'H'.  rolalivrlv  porlahic  airl  inexpensive  elec- 

■ Inmics  is  ilie  C\V  diri-el  (lri\  e tevlmitpie  . Tests  can  li  ■ run  usiny  either  st'U-e te.'i 

li’eciuen 'les  oi'  a swept  C'V\  peiu'ratoi'.  This  type  of  test  utilizes  such  small 
siunal  hwels  that  tt’Stinu  can  I).'  periormed  on  an  op>'ratinp  site  with  little  or  no 
inli'i'lerence  to  site  operations.  In  a typical  CAS  1K)K  direct  drive  test,  a swc-))* 
ire(|uencv  venerator  acro.ss  the  luiicKtiflth  of  interest  is  used  to  inject  .-.ipnals  at 
the  j)  lint  ol  eiitrv.  and  a spectrum  or  netv\’ork  analv/er  is  usc'd  to  recoril  the  data 
at  the  measureiiK'nt  p lints  of  interest,  see  Fiivure  2-2. 

2. 2. 2. 2 ,\pp' ication.  The  C'W  diri'ct  drive  metlioti  is  used  to: 

1 . Measure  par.mieters  to  he  used  in  the  mo.l('liny:  effort. 

2.  Identity  jriints  which  are  tiphtly  cmipled  to  I’OIf's  to 
direct  the  modeling  effort. 

2.  Fliminate  jioints  which  art'  not  coupled  to  POF's  from 
the  modelinji  effort . 

4.  Verify  predicted  transter  functions  after  the  fact. 

5.  Mt'asure  transfer  fun  tioiis  direc  tly . 

Since  low  level  siy,nals  are  used,  this  meth  id  will  not  drive  POF's 
or  couplinu  paths  into  n inlinear  regions.  Tlierefore.  this  technit|ue  sliould  he 
used  with  caution  when  nonlinearities  such  :is  electric.il  surpe  arrestors  arc' 
know  n tir  siisp  •cteil. 

As  mentioned  in  2.2.2.  an  a Ijunct  of  low  level  C\\  dirc'ct  drivt'  is 
^ the  low  level  hroad  hand  |)ulsc'  test.  It  his  all  ol  the  same  ad vantatl'c’.s  and 

applications  of  low  level  CVV  . hut  with  a more  restricted  dynamic  rant;('. 
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2.3.3  D.ila  .Xccui'acy  . The  aciairacv  n|  ila-  cui'ia  ni  proh:-  in  tlif'  Irrqucncv 
domain  is  1 dB  oi'  12  porconl  . 'riu>  accuracy  of  ilic  mcasurcm(-nl  can  li 
limited  1),'  the  uidili  ol  the  .scope  trace  on  the  network  or  spectrum  analyzer. 
Whicheu-r  is  used,  .iccuracies  ol  1 dB  oi'  12  p u'ci  nl  can  lie  consi.stt'ntl v 
achieved  in  the  held  it  pro|)er  care  and  practice  are  used.  Thus,  lor  CU 
testin.i;,  tininsler  lunctions  can  Ix'  measurerl  directlv  with  an  accuraev  of  IT 
p.  remit  or  approximately  1,3  dB, 

3.2,4  Pulse  Hadiatinp  .‘Simulation 

3.2.4.  1 Del'iniiioii.  .An  KM  P sinuila  tor  is  a deviei'  whiidi  is  c.ipable  o' 
illuminating  .i  test  ol)|ect  with  a radiated  or  h uinrled  wa\’e  pulse  of  eleclromau- 
netic  enemy  similar  in  wa\-esliape  to  a lii^li  altitude  I'AMP.  There  exists  a 
number  of  s.icli  simul.itors  in  the  IK.^S.  today.  .A  bricT  summarv  of  their  (diief 
( h.ir.iclerisiics  is  slio’.^n  in  Kipure  3-3.  In  this  study  we  shall  consider  onl\- 
p irtable  simulators.  The  simulators  to  bp  e\aluat('d  .ire  d l-'M  P.s'.  Rids',  and 
a h.brid  simulator  consisting  of  aii  existing  pulser  plus  an  underground  arrav. 
possible  burii-d  arrays  are  .‘SlKdh’  type  b.iried  transmission  lines,  or  burie.d 
Helmholtz  coils  . 

3. 2. 4. 2 .Applications.  The  preal  aihanta^e  of  full  scale  simulation  is  ih.it 
it  illuminates  the  entire  lest  ob|ecl  with  ,i  threat  like  pulse.  Thus,  the  inter- 
.iclion  ol  the  fiidd  with  the  buildinp,  local  external  POi  's  liki'  .ire.i  liuhline. 
v..itef  pipes.  .111(1  grounds,  .ind  interior  c.iii  luelors  c.m  be  e\alualed  in  ,i  most 
realistic  fashion.  Because-  Hu-  tol.il  site  is  illuminated,  a complete  intepr.ited 
predicti v(-  moth  1 can  bt-  xcrifit-d.  Tht  one  shorleominu  of  full  scale  simulation 
is  111. it  tio  simulator  can  coM'f  ,t  larpe  t iioir'h  .trea  \ullt  a pi, tin  uniform  ua\e 
IronI  to  adetjualt-lv  drive  the  loiiv,  !>()l- "s  sut  h as  po\u  r .ind  phoiu-  lines.  That 
is  u liv  ill  llie  past  PR  1- .M  PT  I I .M  P.s'  tests,  calib-  druiiii;  was  .tlso  perforim  I 
on  st-b  ( led  Pol  's. 
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'riu'  urivantui^f  of  (hrcal  level  simulation  is  that  the  functional 
response  of  the  site  to  a threat  FM  P can  he  measured  directly.  Nonlinearities 
on  the  small  IXlFs  or  in  the  internal  coupling  paths  or  their  terminations  ran 
l)e  measured  directly.  Also,  because  the  hitih  level  pulse  will  pive  more 
signal,  the  dynamic  ran^e  of  the  test  is  extended.  Low  level  testing  is  also 
useful  hut  does  not  exercise  nonlinearities  nor  functional  response.  Frequently 
low  level  repetitive  pulsing  is  used  in  conjunction  with  threat  level  pulsing 
because  of  the  ease  and  speed  of  data  acquisition  using  a free  running  repetitive 
pulse . 

3. 2.4.3  Accuracy . In  a high  level  direct  illumination  simulator,  test 
measurements  can  he  performed  with  the  following  accuracy. 

1.  Current  i 1.5  dB  = 17  percent 

2.  Voltage  1.6  dB  = 20  percent 

3.  Fllectromagnetic  fields  .3  cIB  - 3 percent 

Since  the  electromagnetic  field  components  (E  and  H)  are  not  mapped 
everywhere,  field  uncertainties  can  exceed  the  field  measurement  error.  It 
is  estimated  that  uncertainties  are  of  the  order  of  20  percent.  Thus,  the  transfer 
function  errors  are;  for  current,  i 28  percent,  and  for  voltage.  • 23  jK-rcent. 
Thus,  the  average  1 sigma  confidence  interval  for  data  t;iken  in  an  FMP 
simulator  test  is  2 dB. 

3.2.5  CVV  Radiating  Test 

3.2. 5.1  I)escri()tion.  The  radiatc'd  CVS  testing  is  a I’elatively  ciuick  and 
economical  way  to  dcderminc'  coupling  of  radiatc'd  fic'lds  to  site  conducdors. 

Fiither  a spot  freciuency  testiicg  or  swept  freciuency  CVV  testing  can  he  used. 

A typical  swc-pt  CVV  test  setup  is  shown  in  Figure  3-4.  Bc-causc'  the-  bandwidth 
cjf  interest  in  FMP  testing  extends  fi'om  0.1  to  100  MH/.,  different  antenna 
sizes  or  antcuina  loads  must  he  used  in  a swept  CVV  test. 
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Fi^'uro  3-4.  Swept  CW  Test  ,'^etup 


Applii-.ilii ms . The  aii\ anlaui'  ul  swi  pi  C\S  is  that  th<  amplitud*' 
portion  of  ilu  iransft  r function  can  he  nicasiirctl  directly  and  simply  with 
I ith'-r  a spi'i  irum  analwcr  or  a network  analy/cr.  W ith  some  ad  iitional 
can  . ihi  phase  can  also  he  i;ottc:i  with  a network  analv/er.  Tins  t(s-hni(|ue 
is  trc'iuemly  used  to  iiu  asure  huildiny,  shieldini’,  atteituafion.  and  to  measure 
directlv  the  linear  heha\  tor  ol  th  ' POKs.  Because  of  its  low  signal  hwels. 
this  tecliniipte  can  l>e  used  witlt  'ittle  or  no  inti'rference  with  site  operations. 

d.2.5.d  .Accuracy.  Radiation  patlf'rns  of  monopole  anienn  is  art'  well  knowti. 
Tliercfore.  .1  siimlr  reference  sensor  to  monitor  radiated  signal  strenuth  will 
iisuallv  allow  the  field  to  hi'  ('xtrapolateii  to  any  point  with  an  accuracy  of  10 
perci'iit.  .''nice  the  current  and  \oliaee  nu-asuri'ments  are  known  to  within  17 
.itid  20  |)erceiii.  respectiv  elv . the  standard  dex  ialion  for  the  transfer  functions 
is  20  to  2.'J  percent,  respeclivelv  . Thus.  Ilie  a\'era^e  standard  error  for  a 1 
siivma  contidi  nee  inti  r\al  is  n 21  p 'rceiit  or  1.7  dB. 

2.2.0  .''uhsystem  ("Black  Bo.\"i  Testing 

2.2.0).  1 Description  and  .\ppl ic.it ton.  Subsystem  diri'ct  drive  testiiu;  is  tlu' 
dirici  iniectton  of  pulsed  voliaues  .ind  currents  and  to  thi'  critical  interfaces 
ol  oper.iiional  r.icks  or  dr.iwers  (i.e.  . hlack  h ixes  > to  measure  tlirectly  th' 
upsi  i .ind  tailure  thresh  ilds.  An  excellent  ex.imple  of  .i  siihsystem  test  facility 
is  the  .Air  f orce  Wcap  ms  l,.d)  ir.dorv  I’rour.immalile  I'niversal  Direct  Drive 
.s'vsteni  DM  1 )D  . .A  Ivpical  suhsvsiem  lest  s-  lup  .0  the  IM  1)1)  is  shown  in 
I ic.ure  2-.n.  It  is  sometimes  assumed  lliat  if  I’Olis  are  driven  at  threat  level, 
the  Ihn  sholds  of  the  critical  circuits  coupled  to  the  I’Ol's  .ire  automat ical Iv 
di  terniined.  llo-wi  \er.  th  svnerc.istic  etiects  of  simultaneous  excitation  of 
.ill  I’Ol  s plus  r.idi.iti  I illu  nmalion  isusu.illv  ignored.  Thus,  the  critical 
mil  I t. ices  are  not  necessarilv  excited  in  the  same  l.ishion  they  would  he  in  .1 
thri.it  or  radiated  test.  Inadlilioii.  this  techniMue  is  not  n >rniallv  .ipplied  to 
a st.il isticallv  si^nific.inl  sample  and  does  not  vield  the  statistical  spri'ad  of 
the  llireshold,  i.e.,  ihe  mean  and  standard  de\iation  for  h ith  failuri'  and  upset. 
Both  the  mean  an  1 tlie  spread  are  ri'Ciuired  for  a complete  .iccur.ite  assessment 
statement,  TlKiafore . to  inci’ease  tlie  confidence  in  tlie  marc.in  of  s.ifetv.  direct 


Fit^uro  3-5.  TNpic’al  Subsystem  Direct  Drive  Test  on  PUDD 


iiHuisurenieiit  at  failure  and  upset  tliresliolci  are  re(]uir('ci.  Tliese  arc  normally 
acquired  by  means  of  subsystem  or  black  box  testing;. 

3. 2, 6. 2 Data  Accuracy.  Pl.'DD  input  pulse  voltaf;cs  and  currents  are 
recorded  with  on  a Tektronix  7904  oscilloscope  usinp;  6000  series  voltage  and 
current  probes.  I'ypieal  accuracies  for  these  devices  are  ! 2 percent  for  the 
scope  and  • 3 percent  for  the  probes.*  The  measurement  accuracy  is  therefore 
3.5  percent  or  approximately  .3  dB. 

3.2.7  Scale  (Kleling 

3. 2. 7.1  Description.  Scale  model  testing  is  almost  self  explanatory  . It 
consists  of  a test  of  a scaled  down  test  object  in  a small  simulator.  The  major 
shortcoming  of  this  method  is  that  when  large  test  objects  such  as  buildings  are 


'Data  taken  from  manufacturer's  catalog,  1975 


scali'il  hit  .;i  scaliiu;  lacli’i-^  ai’r  used.  'I'liis  placi-s  i \ircnii-  (li'iiiaiKi^  lai  dinu  ii- 
sidiial  l(iU'raii('c,s  and  manidaclurc  nl  ilu  srali  nmdt  1 l«  cause  (i  st  'fcr|iii  !irics 
nr  pulse  risi'liuic  and  dfca\  lime  musi  li<  scalici  up  and  dnvui,  nspecl  iveiv  . 

I ai'i^e  scale  laidors  can  place  ihe  test  eiuininment  and  lest  nl)|eci  response 
hevond  the  ban  lu'idlli  ot  current  slale-ol-ihe  art  I’Ml’  instrumentation  nonnallv 
lound  at  test  facilities . 

;f.2.7.2  Applicalioiis . Scale  modelin.t;  offers  a relatively  (luick  and  econotiiical 
way  to  increase  Ihe  confidemce  and  preditded  coupling  to  complex  i’Xt(>rnal 
ueomelrit'S . It  (iffers  an  allerntdive  to  simulation  or  radiated  CW  lesiiny  in 
instances  where  llu'se  may  not  be  possible  ffir  practical  reasons  such  as  site* 
accessibil i ty  . 

3. 2. 7. 2 Accuracy.  The  limiting  factor  in  Ihe  accuraev  of  settle  model  lestinc, 
art' diinensiontil  in  Ireciuencv  sctiline  lolertinct'S . There  is  limili'd  (hitti  avttihible 
on  lilt'  ticcuiacy  (»f  settle  tnodel  leslinp.  However,  it  is  fc'lt  thttt  settle  model 
testin';  can  be  ticcompl ished  to  within  ■ 50  percent  or  tipproximtttelv  4 clH. 
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4.1  OFNFRU. 

Tlu'rc  are  nii nic' rou I'lXf'd  and  transporlabk'  F-'MR  simulators  in 
the  Dill)  FMP  comntunity . In  addition  to  these  simulators,  there  e.xisls  a 
l.irye  \ariet\-  ol  pulsers  which  are  used  in  sitecuil  applications  m FMI’  testin';. 
The  numbi'r  .ind  varietv  ot  pulsers  too  lar,i;c  to  permit  any  comprehensive 
I reatment . 

In  this  Section  we  will  present  the  pertinent  electromagnetic  char- 
acteristics ol  three  of  those  transiiortable  simulators  which  .ire  considered 
aiiprojiriate  tor  testinir  buried  fiispersed  facilities.  1’hev  are  RFS-1,  TFMPS. 
.ind  a modified  SIFGF  type  simulator. 

4.2  RFS-1 

The  Radi.itiii”'  FMP  Simulatrir  (RFS)  Program  was  initiated  by 
AFAVF  in  the  sprityj;  of  lt)G7  to  dt'velo])  a livable  simulator  for  fixed  site  ;uid 
air))lane  \ailnerabil ity  assessment.  RFS-I  can  be  u.sed  as  either  a horizontally 
or  verticallv-polarized  radiatin';'  antenna  system.  The  two  RFS-I  sy.stems. 
hori/ont.il  and  vertical,  can  be  u.sed  to  make  coupliii”'  measurements  with  both 
liorizontallv  and  vertically  jiolarizt'd  F-ficlds.  (Reference  2). 

4.2.1  .Sv ste m Description 

The  horizontal  antenna  system  is  comiiosed  of  a |)ulser  .ind  .in 
mfl.ited  .mlenn.i  .structurt*.  which  uses  .i  CH-47  lielico])ter  for  .system  mobility, 
riu'  200-foot  loiii;  .intt'iin.i  is  .i  fiberal.iss  structure,  which  m.i int.i ins  its  sli.ipe 
by  inflation  to  4.2  iisny.  This  honzont.il  system  delivers  .in  FM  pul.se  of  .it 
h'.isl  000  V m .d  500  meters. 

The  vertic.il  antenna  system  usi’s  the  s.inu'  pulsin'  .is  abovi'  .ind  .i 
wire-ca'.;e  antenna.  It  uses  either  CII-52  or  Cli-47  helicopti'rs  for  svstinii 
mobility.  The  pulser  has  .i  bicoiiic  si'ctioii.  with  a .sell -breakdown  switch 
located  .it  the  apex.  It  is  capable  of  1 . 75  MV  output.  The  antenn.i  is 
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approximatolv  200  feet  lonu:.  and  Ihe  pulsi  r-anienna  comhmation  produees  a 
pulse  similar,  except  for  pnlarizatum.  to  that  produced  by  the  horizontal 
system. 

The  RFS-1  pulser  assembly  conststs  of  the  followiiuf  primarv  com 
ponenis:  1 1 power  system.  2'  Marx  c,enerator.  3)  inductor.  4 ) transb'r  caixicitor. 

5)  output  switch,  and  6)  pressure  ves.sel.  Each  of  the.se  components  and  or 
sub.sy.stems  is  described  in  the  followin';  para”raphs. 

Powi'r  .System 

The  Marx  aenerator  is  used  to  pulst'  charge  a transfer  capacitor 
throimh  a waveshapim;  inductor.  .\  simplified  circuit  diagram  and  the  charuiny 
and  output  volt.iye  wavetorms  .ire  shown  in  Fiyure  4-1.  The  inductor  is  connected 
to  the  center  conductor  ol  the  v.ater  tr.insfer  capacitor,  the  fast  risetime  element 
of  the  .jvstem.  The  Marx  yener.itor  charges  the  water  capacitor  in  about  1 . 2 ;is. 
Tlie  outjwit  switch,  connecting  the  w.iter  caiiacitor  to  the  antenna  structure,  is  a 
hiyh  pres.sure  f 100  i)sii;i  .SF^.  ya]).  .\t  or  near  the  jjeak  ch.irttiii'y  voltaye.  the 
switch  .self-fires,  discharyiiu;  the  capacitor  into  the  .intenna.  I5reakdo\ni  voltaye 
IS  deitnuient  upon  the  switch  pres.sure. 
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Fiyure  4-1  , .Simplifital  RF.S-I  Circuit  niayr.im  .iiul  Voltage  W.iveforms 
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l'‘, k'C't r< ic  Cha ra fie r i sties 


The  RES-I  antenna  desii^n  is  lia.sed  on  the  requirenient  for  a r.idi.ilion 
pattern  siniil.ir  to  that  produced  liv  a dipole,  one  uilli  svninietrv  about  lioth  (he 
major  >ind  minor  axi'S  of  the  svstem.  The  .mtenna  is  comprised  of  .i  biconic 
his;h-freqiicncy  wave  launcher  and  a lonij  low-frequencv  r.uli.itina  antenna. 

Biconic  .\ntenn.i 

In  the  area  of  the  pul.ser.  the  design  of  the  antenn.i  is  biconic.  as 
shown  in  F'ii;nre  4-2.  This  geometry  radiates  the  hiah-frequencies  of  the  svstcin. 
It  has  been  .shouii  that  the  jieak  E -field  mai^nit-ude  on  the  equatorial  plane  is: 

GO  V 

T,  o 


where  E , is  the  maunit-ude  of  the  pe.ik  E-field.  V is  the  drivimi  voltage,  r i- 
pk  o 

the  radial  dist.uicc  to  the  point  of  ob.servatioii.  and  Z^.  is  the  biconic  impedance 
t;iven  by 

Z,  120  (Cn  cot  >1.  2). 

k he 
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The  value  is  del'med  m Fiu-uia'  4-3.  llio  above  expressions 
assume  the  pulse  risi'time  to  be  mslantaiu'iais.  For  risctimes  that  are  not 
instantaneous  the  pc'ak  field  is  radiated  if  the  bieoiiie  slant  heiL;ht  exeeeds  a 
ecrtain  minimuni  length. 

For  this  pulser. 

y,  30  de'art'cs. 
lie 

Therefore. 

Zj^  ' 1 GO  V.  and 

F , ~ 1 . 3 kV  m at  500ni 
l)k 

(assuming  the  ni.ixiniuni  V 1.75  M\'). 


r-’iani'e  4-3.  Hieonie  Tr.msniis.sion  Line 


.’p. 


f'ituu'f's  4-4  airl  4-5  sho\  time  and  I I'cqucncy  dimiam  plots  )[  a 
U’lncal  HKS  pulso.  Tlii'  H sensor  \vas  locateil  500m  from  the  Source.  The 
peak  maitneiic  fic-ld  is  5 x 10  lesla  or  an  (dectric  ti(4d  of  1.5  kV  m.  (Tlie 
data  as  illusirated  has  l)f'en  coi-ri'cted  for  ground  rt'flec tions  and  atutle  of 
1 nc  idenc(> . ) .Aflei’  peak,  tiu'  slope  of  the  radialc'd  pulse  is  determined  1 tir,' 
desipn  of  the  loim  antenna  sections.  For  a simple  nonn'sisti vely  loadt'd  lipole 
antenna,  the  length  of  this  pulse,  hayontl  whiidi  undershoot  occurs,  is  e.'|ual  to 
the  antenna  half-h'iiuth . For  this  antenna.  F is  100  fi>et  and  the  pulse  lenyth 
to  tlu'  first  zero  crossing  should  he  100  ns  at  th(“  equatorial  plane.  Since  the 
.tnt(uina  is  resisii\(  ly  loa  lecl.  a somewluit  shorter  time  should  be  anticipated. 

In  Fiyure  4-5  the  pulse  width  is  about  70  ns. 

For  the  vertical  antenna  system,  it'sistors  arephiced  on  the  ends  of 
the  antennas  to  reduci  the  current  to  zero  before'  tlu'  initial  wa\(‘  arriv('S  at 
these  p >ints.  Th<  radiatf'd  wa\t4orm  is  then  shaped  an  1 dampe’d  and  the  outward 
How  iny  cui’ri'iit  is  reduceal  m ste'ps.  .s'eibsec]  uent  reflec  tions  are . however,  spread 
in  space  and  t ime  . 

l or  the  horizontal  antenna  system,  lumpi'd  rt'sistors  are  locatt'd 
at  points  .dony  the  antennas.  'Fhe  objei  lie'C'  here  is  to  damp  the  oscillatory 
nature  of  th»'  fat -dipole  radiation. 

4.:i  TFMl’S 

Th('  TFM  PS  I (Tr;insportabU‘  Flectromac.net ic  Pulse  Simulator!. 
s|)onsored  by  thi'  Defense  Nuedear  Ayency  . was  desiyiu'd  and  built  by  Physics 
Inlei-nal ional  C’ompiiny  for  the  Harry  Diamond  l.aboratories.  The  TFM  PS 
simulales  the  electromaymdic  environment  pnxlucc'd  by  exo-atmosjiherii' 
nu(  letir  bursts.  'fFMPS  is  a comp'.eli'.  sidf-contained  simu'alor  that  could 
be  comph  l(dv  transported  to  remote  sites,  rapidiv  ('rected.  chi'idved  out. 
and  reliably  operated  to  conduct  FM  P tests. 
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Svstoni  Df’scripiion 

The  svsU'in  is  a sviii'lironizeci  hilalcM'al  Marx  iroiK'ralnr  pcakina- 
rapacitor  ))uls('r  that  di-ivcs  llic  ternuiials  nf  a Imm  (.400  meters)  diivde  antenna. 
piisiiiDned  Itori/.ont.illy  r)\-er  earth  uround  at  ele\xil ii ms  of  up  to  20  meters.  The 
eli.iraetorisi  les  of  tht'  elt'el  romaanetic  \va\'e  launched  from  the  svstem  art' 
deii'rmmed  bv  tht'  i)ulst>r  m eon|unc(ion  with  the  antenna  .inti  its  position 
rel.itive  lo  prountl. 

.\  liieunical  transmission  line,  with  ,i  characteristic  impetlance  of 
120  ohms  at  the  centt-r  of  the  antenna,  paiitii's  tht'  electroin  i .'atetic  wave  from 
tlte  sm.ill  dimensions  of  the  pufser.  cont.iined  within  the  liicones.  to  the  0.  2 
mett'r  tii.imt'ter  cylmtlrical  wire  c.iae  tlipolt'  antenna.  K.ich  t'liti  of  the  .mtenn.i 
IS  termin.ited  to  around  witli  a resislanct'  that  approximate! v m. itches  tlie 
cliaracti'rist  if  iinpedanct'  of  e.ich  h.ilf  of  the  .uitenna.  which  is  viewetl  .is  .m 
et|ui.  lent  rod-to-pl.uit'  tr.uismission  line  to  ai'oimd. 

Kssent i.tlly.  TKMI’.S  has  three  mdividu.i!  sulisystems;  the  pulse 
generator,  tlu'  .mtenn.i.  .ind  the  sup])ort  structure. 


Pul. set' 

.•\  simplifieti  circuit  of  tlu'  TKMP.S  at'uer.itor  is  shown  in  Fiaaire  4-0. 
is  the  erected  series  caj).icit\'  of  t'.ich  Ifa-st.iae  M.irx  aener.itor.  1 is  tlie 
str.iy  induct.ince  cif  e.ich  halt  a't'nei’ator ; .md  R is  the  .sum  ol  sir.i\  .iiid  lumpeti 
series  resist. nice. 
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Tv])ic'al  i)eakin^-  laipacilor  pulse  charge  and  output  voliauc  wav'Clornis 

(V  ""  4.1  MV)  arc  shown  in  Fi”nrc  4-7.  These  waveforms  are  derived  from 
o 

resistive'  voltai;e  dividin’  monitors  installed  across  the  peakinja  capacitors  on 
each  side  of  the  .system.  The  monitor  outputs  are  fed  to  oscil ioscoijes  cont. lined 
within  screen  bo.xes  loc.ited  on-board  the  i)ulscr.  one  on  each  side  of  the  .system. 
Oscilloscope  power  is  lierived  from  batterv  inverter  sets  .ilso  conl.iined  within 
the  screen  lioxes. 


*.  I 


TIME  BASE  = 50  nsec./division 


Side  1 


Side  2 


r-’ipTire  4-7.  Typical  Pul..'  r W.ivelorms 

Antenna 

The  antonn.i.  Fi.uaire  4-8.  is  .i  cylmdric.il  system  of  wires  exlendinu; 
from  cacli  end  of  tlie  puLscr  as.semljly.  with  .issoci.ited  formini^  hoops  .iiid 
assemblies,  tensionint;  elements,  and  end  ”round  termin.it ions  which  l.iunch 
.incl  ETJide  the  KM  wave. 

The  .issembly  forms  .i  120-ohm  liiconical  r.idi.itor  which  l.iunclies 
the  hiKli-freciuency  early  portion  of  the  pulse  with  minimum  distortion.  The 
bicones  are  .solid  to  .i  diameter  of  22  feel  .iiid  are  taperi'd  to  .i  cylinder  20  feel 
m di.imeter  with  a conic-section  wire  c.ipe. 

The  20  foot  diameter  cvlmdric.il  wire  c.ine  dipole  r.idi.ites  low  fre- 
'pioncv  enci’i'v.  'I'he  lenj.’th  of  this  diixile  can  Ik-  v.ined  in  100  meter  increnu'nts 
' ' iii.iximum  of  200  meters.  Kacli  end  ol  the  dipoli'  is  resist ivelv  termin.ited 


Fi.n.11’0  4-R.  rilM PS  Aiitcniui 

ti  rni in.il<'d  to  ('.irth  throiu’.h  .i  coiiicMl -sect ion  tajx'r  (l('su,nod  to  m.iml.iiii  cli.u.u'- 
t(‘fi-.tic  inip('d.uu‘('  ol  11k*  dipole  to  the  term inal iiitf  resistors. 

A inodnl.ir.  e.i.'-ilv  ereel.ilile.  li  a-rulass  structure  supports  the  pulser. 
liicones.  and  antenna.  This  structure'  re(]Uires  niininial  prO|),iration  tor  erection 
anti  is  adapl.ilile  to  particular  antenna  coni  i.L;ur, it  ions  desired.  The  support 
structure  allows  the  antenna  height  to  lu*  varied  up  to  20  meters  ami  p<*rmits 
oix  ralion  in  wind  velocities  up  to  2H  niiih  (25  knots). 

•1.5.2  l■;lectronl.li:nc‘t  ic  C'liaractc-risl  ics 

'I'he  TKMP.S  is  .i  Inlirid  siniul.ilor.  Pt'ak  free  fields  of  uj)  to  52  kV 
)ier  nw'lt  r c.tn  be  obt. lined  .it  50  meters  Irom  IIk*  |)'.ils(*r.  This  output  pulse 
b'\el  c.in  be  remolelv  ad|usled  over  a 5 1 r.inc.e.  The  fields  .ire  predom inant Iv 
hon/.ont.illv  |X)lari/ed. 

I he  Il'.MP.S  is  designed  to  produce  .i  double  e.xpoiK'nl  i.il  output  pulsi* 
with  less  th.in  20  percent  undershoot.  Piilsi*  reset  ime  is  .idiuslabU*  (about  8 ns 
at  most  output  levels).  .\t  ma\inium  antenn.i  leih'lli.  pulse  duration  to  first 
crossover  is  a|)pro.\ini.itelv  800  ns. 

■I  !) 


The  broadside  coverage  of  the  TEMPS  sinuilator  for  the  fast  rise- 
time  pe^ik  fields  is  50  meters  at  a disfcince  of  50  meters  from  the  simulator. 
CK-er  this  range,  the  peak  field  will  vary  less  than  10  percent.  The  nominal 
TEMPS  test  area  is  illustiaited  in  F'igaire  4-9.  TEMPS  can  provide  an  angle 
of  incidence  (jf  10  to  20  depending  on  antenna  height. 
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Figure  4-9.  TEMPS  Coverage  Area 


'Ilie  waveform  in  Figure  4-10  is  the  time  history  tantential  magnetic 
field  for  a probe  position  50  meters  horizontal  from  the  antenna  and  close  to 
earth  ground.  To  a large  extent,  dcparUire  of  the  waveform  from  a perfectly 
smooth  one  ari.ses  from  vertical  components  of  antenna  current  fat  the  meial 
antenna  hoops  and  termiuiitionl,  and  gives  rise  to  tangential  magi'vetic  fields 
di,s|)roi)ortionately  large  compared  witli  the  incident  free-field  magnetic  field. 

'Hie  .s])ectral  cmitent  is  showm  in  Figure  4-11  . 

A .summary  of  the  TEMPS  electiannafvnetic  environment  characteristics 
is  given  in  Tal)le  4-1 . 
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SuJiuiiary  •>!  TKM  I’S  Characterisiic’s 


IHilse  Shape  Double  exponential 

I>uls(>  Duration  BOO  ns 

Ihilse  Undershoot  20  ol  pulse  peak 

Pulse  Amplitude  IB  kV  m to  52  kV^m 

Pulsf  Hisetime  4 ns  to  12  ns 

An^le  of  lncidenc(‘  10  to  20  at  50m  uround  r;mu;e 

Coverage  25m  on  a line  parallel  to  antenna 

axis  at  50m  urouni  ranu,e 

4.4  MODIFIKD  SIKDF 

The  SIFDK  (SImuhited  Farly  Time  (Jround  PJnvironment)  Simulator 
was  initially  di-siyned  specifically  for  testing:  under^rouni  facilities.  It  consists 
of  .111  overhetid  array  used  to  irrariiate  the  surface,  and  a buried  transmission 
to  couple  electromagnetic  ener^iy  to  uirierttrouirl  faciliti(>s.  See  Fitjure  4-12. 

At  (>ach  (uid  of  the  array  are  four  conical  transmission  line  transition  sections. 
At  the  drive  end  a 2B0kV  sin‘j,le  p.ilser  is  located.  'Die  output  of  the  pulser  is 
fed  through  a fanout  box  to  four  equal  Icivath  cable  thence  to  the  four  transition 
sections.  At  the  termination  end,  four  distributt'd  ri'sistor  strings  (one  per 
transition  section)  are'  installed  to  minimize  refk'ctions . 

The  buried  traiismissio.i  line  consists  of  coppm'  clad  sle'<>l  rods 
place'd  deep  into  the  ground.  Fach  ground  rod  was  placed  in  a drilled  hole 
which  had  been  filled  with  a mixture  of  salt  water  and  carb  m to  enh  nice 
coupl  ing  into  the  earth  . 

Idle  SIFCF  mini-array  was  developed  to  support  the  bi-nace 
Vali'l.ition  Site  Survey  Prognim  . This  simulator  is  btisically  a scaled 
SIIdiF  1.2  used  with  SIFtlh;  1.2  pulser.  ddu'  major  i har.icteristics  'if  this 
simulator  are  given  in  Table  4-2. 
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PULSER  AMO  FAN  OUT 


Figure  4-12  a.  F4an  View 


/ 

TERMINATIONS 


OVERHEAD  ARRAY 


/ 


Mtcurcs  4-12  a.  l>.  Schematic  HcprcsiMilation  nf  Sn-'CIF  Array 


Table 


Modified  SIF^GI']  Characteristics 


SIKGE  1.2  jHilser  v.  itli  hiah  voltage  mini-array  (wide  area  illumination) 


Maximum  cliarLie  volt.i^e 
Maximum  field  strniath 
If  iselime 
IHiration 

.\m])litude  Hepeatabil ity 
Time  litter 

Oiitimal  load  impedance 
Number  of  sections 
Height 

Illumination  size 
Weiiiht 

Power  reiju i rements 
Portabil  itv 
Setup  time 
Polarization 
K H ratio 


280  kV 
50  kV/m 
30  ns 
1 . 0 /.s 

30  ns 
40  ohms 

2-80  ohm  sections 
2.  4m 

33m  X 28m 

1 0.  000  pounds 

2 110  208  3 0 
Poor 

1 0 days 
V'ertical 
377  ohms 


I 
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To  support  any  tost  of  a huriod  C site  furthor  modifiralions  woukl 
1)0  nocossary.  Tho  lonp,th  width  and  hoipdit  of  tho  oovora;j;o  should  ho  tailored 
to  optiinizo  oxitation  of  oaoh  site. 

For  this  stu  iy.  an  assumed  dosiu,n  was  oroatod.  This  simulator  has 
a lonu:th  of  110  motors  ami  a hoiu,ht  of  3 motors.  Tliose  dimensions  wen’o  chosen 
to  allow  a lost  of  Site'  1 whore  tho  main  huildinp;  is  90  x 104  motors. 

.A  hypothetical  pulsor  was  used  to  drive  the  array  with  a huriod 
ex|)onential  pulse. 

t..  A ) -4  K 6t  -4.76  K Ht). 

K (t)  - A fo  -o 

where  A is  chosen  so  that 

F 50  X 10^  V/m 

max 

4.5  FMP  TFSTINC;  WITH  lU'RIFl)  COILS 

Tho  idea  of  huildiiya  maynotic  coils  around  a huriod  site  durinix  con- 
struction has  some  appeal  in  that  KMP  tostim^  of  tho  very  low  frociuoncy  com- 
pcjiionts  of  the  FM  P onvironmonl  is  host  done  this  way,  and  secondly,  installing 
those  durin;u;  tho  construction  phase  would  .illow  suhsocjuc'nt  tostint!;  for  ciuality 
assurance  with  minimum  intorforenco  with  silc>  operations. 

I nfor tunatoly . tliosc'  advantages  arc-  outwoipliod  hy  prohloms  as  wo 
will  discuss  here . 

In  Fiyuro  4-13  is  shown  a plot  of  tho  ma;j,notic  fic'ld  shieldinr:  obtained 
with  a spherical  aluminum  shell  throe  foot  in  diann'tor  (ref.  Hi.  This  fiiiuim  illus - 
tratos  tho  fact  tluit  there  is  little  shioldini!;  ohtainod  at  very  low  frociuoncios . Itisthis 
ohsorvation  that  loads  one  to  concern  himself  with  low  frociuc'iicios . The'  reader 
will  ohsorvo  that  the  interior  fic'ld  is  proportional  to  for  fr('(|uonc ios  loss  than 
till  conn  r t ro(|uoncv,  th.it  is  when  shn  id  thickness  skin  depth.  Fo  r const  met  ion 
tcrade  steel  plates,  the  corner  freepioncy  would  he  only  a few  hundrc'd  llert/. 
so  that  only  extremely  low  fre<iuenci(‘S  \ci  11  propayatc'  through  the  shields 


Hfid 


Exact  Solution 

O Analytic  Approxinetion 


FREQUENCY  (Hz) 

Fii^urt-  4-13.  Magnetic  Field  Shielding  of  SphericMl  Aluniinuni 
Shell  Diameter  72",  Shell  Thiekne.s.s  1 /l  6"  (from  F?eference  51 

Few  ca.st'.s  liave  been  found  where  frequencies  less  than  100  Hz 
have  caused  either  transient  or  (jermanent  damaiie  to  equipment  (probably 
liecause  designers  live  with  60  cycle  hum.  lightning,  etc.). 

It  is  proltably  not  worthwliile  to  devise  a system  level  test  to 
check  equipment  response  to  these  frequencies. 
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W*'!!.  hmv  about  clieckin'fj:  iniperfs'cl  sliicltls  to  liiu.lu'r  l'i'C(|uencic.T ? 

This  is  th(’  cas('  ol  most  intf'ivst  in  Ih^  stu  iy  of  real  systems. 

Studies  of  cracks  or  apertures  in  shield  walls  or  leaka'^e  throu”h 
windows  and  do  >rs  reveal  that  tlic  h'M  transmission  through  imperfections  r)f 
this  type  increased  with  fr(-.|ueiK'y  until  resonan ‘es  are  observed. 

For  typical  small  cracks  .md  apertures  the  reson  int  frequencies 
are  quite  hic.h.  Because'  of  the  contemplated  size  of  the  main  buried  l)uildin^ 
at  ‘'ile  1.  lui-pe  buried  coils  would  be  i-equired.  Because  of  iniuclance.  disper- 
sion. and  the  appearance  of  Iiiirher  modes,  it  would  Ik'  quite  difficult  and  extremely 
impiMctical  to  drive  thc.se  larpo  coils  at  tlie  ret|uir('d  hiph  frequrncies . The  con- 
clusion is  that  buried  coils  cannot  Ix'  used  to  generate  realistic  simulated  KMB 
emironments  for  larpc  buried  structures. 

However,  buried  coils  may  be  of  use  in  detectin;.’,  and  locatiii”: 
im[)er fee tions  in  the  shield  which  may  de\elo])  with  tinu>.  Fven  at  fi-equencies 
well  below  resonance  some  leakage'  will  occur  at  cracks  and  holes. 

Althouch  it  would  be  impossible  usini;'  this  teclmiciue,  to  quantify 
(in  dB  as  function  of  fre(iuency)  the  effect  of  tliese  imperfections,  buried  coils 
mift:ht  be  useful  in  locating  them  so  that  they  can  be  repaired. 

4.C>  CO.MI’AHISON  OF  SfAdFl .ATOH -INDUCFB  FIFTHS  AND  CFRRFNTS 

TO  ASSFMFI)  HIOII  ATTITUDK  FMP-INDUCFH  FIFTHS  ANH 

OTRRFNTS 

4 . f) . 1 Int riKluct  i on 

Tlu'  main  concern  with  usin^  FM  B simulators  is  the  problem  of 
how  well  the  simulators  simulate  tlie  KM  P fields.  The  objective  of  this 
section  is  mainly  to  provide  some  insichl  into  this  problem  of  couplint:  to 
buried  structures.  A hypothetical  hiph  altitude  til  At  FMP  field  is  compared 
to  two  simulator  fields:  TKM  I’S  and  a SIFOK  array. 
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The  study  is  or^aiii/ed  as  follows;  ['irst,  we  present  and  discuss 
the  results  for  HA,  TFMPS.  and  SIlXiF  arrays.  Tlu'se  results  include  eh'ctro- 
niamietic  fields  below  the  yrouirl,  and  cumuits  on  cables  which  are  either 
buried  or  elevated.  Next,  we  present  the  same  data  on  a one-to-one  basis 
for  direct  comparison  of  HA,  TFMPS,  and  SIFCIF  result.s.  Next,  wo  present 
results  for  currents  on  towers,  and  finally,  we  present  th('  conclusions. 

4 . C . 2 Res u Its  for  H.A  Fxci tation 

This  section  provides  surface  and  underpiround  fields  and  cable 

currents  for  a hiu:h  altitude  FMP  excitation. 

The  HA  fields  chosen  have  a double  exiionential  waveform  (rc'f.  2). 

Two  cases  are  chosen  for  analysis  and  are  summarized  in  Table  4-3.  Case  1 

maximizes  the  total  horizontal  electric  field  <*"^1  Case  2 maximizes  the 

total  vertical  electric  field  (F,.i.  It  should  be  noted  that  these  are  different 

V 

from  the  vertically  polarized  (F^j,)  and  horizontally  polarizt'd  components, 

as  will  now  be  discussed. 

I-'inure  4-14  illustrat('s  the  u,eonu'try.  The  total  |)lane  wave 
electric  field  Fc  incident  on  the  earth,  is  shown  traveling  in  the  direction 
of  propagation  k,  which  makes  ati  ann,le  0 with  respeid  to  the  local  vertical. 

The  plane  of  incidence  is  defined  as  the  [ilane  containing;  k and  the  normal  to 
the  earth's  surface.  'I’he  total  (dectric  fitdd  !■:  can  be  broken  up  into  comiionents 
in  the  plane  of  incidence  and  [lerpc'ndicular  to  the'  plane  of  incidence.  These 
com|)  ments  will  be  red'erred  to  as  the  vertically  polarized  part  (F^.j,)  and  the 
horizontally  polarized  part  ''f  wt'icdi  has  a difR'rent  refleidion 

and  transmission  cocd'ficdent  bad.  til. 


Table  4-3 
HA  P.'nvironnieiits 


• Double  KxpoiK'iitial  Plane  Wave  Pulse  with  F 50  kV/m 

' max 

• Two  eas('s  are  chosen  to  maximize  horizontal 
and  vertical  electric  fields 


1 . 

Az 

= 

135 

^VP 

.43 

[■: 

max 

II 

V 

20 

64.8 

^IIP 

.92 

F 

m;ix 

= 

F 

max 

F 

V 

= 

. 19  F 

max 

|K| 

= 

1 . 02  F 

max 

2. 

Az 

= 

90 

F 

VP 

.68  : 

F 

max 

1) 

- 

20 

42.0 

^'dlP 

.63  : 

F. 

max 

'd. 

= 

.88  F 

max 

E 

V 

= 

.30  F 

max 

|i-'l 

= 

. 93  F 

m;LX 




where : 

F is  nuiximum  electric  field 
max 

Az  is  anide  of  arrival  from  true  north 

0 is  aiifile  of  arrival  from  local  vertical 

il  is  anp;le  between  th(>  F vector  and  F.. (polarization 
aiifile) 
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Fliiurr  4-14.  Rolationphip  of  Incident  Total  K to  Vorticallv  Polarized 
(Fyj,)  and  Horizontally  Polarized  Coniponent.s 


The  total  electric  field  F!  makes  an  an^le  with  respect  to  the 
plane  of  incidence  such  that 


J'v,, 

Fj.j,  iFjsiiW 


Simple  tieomelry  shows  that 


2 2 

F||  Fjvsin  - -t  cos  V cos“  9 


F’y  |F’  cos  V sin  0 . 


from  wliich  we  ji;et  , >2 


, 2,  2,  2 

tan  V i-p — 1 sin  •i  - cos  o 


cos  sino, 


I 2 2 2 

v' sin  4 I cos  4 co.s  n 


Al’cordiii”’  to  tin*  cofirdiiiatc'  syst('iii  of  Fii;ur('  4-14,  tlu‘  vector 
forms  of  tlie  horizontally  and  vertically  polarized  incident  fields  are  u;ivon  by 

F = F F <3 

"”,NC 


where  n 377  ohms,  U is  th('  unit  vector  in  the  z -direction, 
o z 

The  discussion  will  focus  upon  the  undei\:3: round  elec  tide  fields 
at  a depth  d,  according  to 

Kuo  = (K„J  (T.,„)  e''V  0^ 


' \ -jK  d 

/vpj  ^ y 


‘VP  III  \ ^ 

^ UG  \ o 


where  k ^ and  n are  tlr  comple.x  propagation  constant  and  wave  impedance 
in  the  aarth,  and  and  are  the  plane  wave  transmission  coefficients 

as  determined  from  Stratton  tPeference  6,  .Stratton,  .T.A..  Flectromagnetic 
Theory).  Because  of  the  large  earth  conductivity,  the  wave  propagates  very 
nearly  vertically  into  the  ground. 

The  ground  permittivity  and  conductivity’  are  a function  of  frequency 
and  water  content  according  to  the  data  of  Scott  (ref.  4)  as  discussed  by  Longmire 
I Reference  3 ).  An  average  soil  of  10  water  content  is  used  for  these  calculations. 

The  total  underground  electric  field  vector  is  the  vector  sum  of  the 
vertically  [lolarized  and  horizontally  polarized  component  parts  and  forms  an 
angle  e with  the  y axis  as  shown  in  Figure  4-13. 


Figure  4-lfi.  Definition  of  Angle  . Showing  the  Magnitude  of  the 
Underground  Fleet ric  Field  Vector  F and  its  aiu;b 
With  Respect  to  the  y Axis 
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Table  4-4  summarizes  the  peak  eleetrie  field  amplitude  and 
the  an^lc  a as  a funetion  of  depth  for  two  eases.  It  is  noted  that  there  is 
approximately  35  dB  attenuation  in  amplitude  l)etween  1 and  20  meter  depths. 
Tlie  peak  amplitude  does  not  attenuate  uniformly  as  a function  of  depth.  This 
is  because  the  fields  nearer  the  surface  contain  higher  frequencies  which  are 
attenuated  more  than  the  low  frequencies. 

This  is  evident  in  the  fact  that  the  waveshape  changes  with 
depth  as  shown  in  Figure  4-16  which  show's  the  total  electric  field  for 
Case  1.  The  rise  time  at  20  meters  is  greater  than  800  ns,  and  the  rise 
time  at  1 meter  is  about  20  ns. 

It  is  noted  that  the  variation  W'ith  depth  is  quite  comparable  to 
the  results  given  in  Chapter  11  of  reference  12. 


Table  4-4 

Summary  of  Pe;ik  Electric  Fields  as  a P’unction 
Of  Depth  and  Angler*  for  HA  Cases  1 and  2 


Depth 

Case  1 (a  5 117  ) 

Case  2 (a  = 

1 

7500 

7000 

5 

1460 

1380 

10 

510 

482 

15 

238 

226 

20 

129 

123 
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Currents  on  a buried  cable  were  also  calculated  for  the  HA 
environment  Case  1 and  Case  2.  The  methodolofjy  used  is  that  of  reference  7. 
The  cable  is  positioned  such  that  it  is  excited  by  the  horizontally  polarized 
component  of  the  undersj;round  field,  and  this  lies  in  the  z direction.  The  water 
content  is  again  lO'T). 

Figure  4-17  shows  the  results  for  Case  1.  Curves  are  presented  for 
the  short  circuit  current  on  the  end  of  the  cable  for  a 50m  and  100m  length  cable, 
at  depths  of  1 and  5 meters.  The  results  for  Case  2 can  be  obtained  from 
Figure  4-17  by  multiplying  the  amplitude  by  .68. 

The  curves  show  that  there  is  very  little  difference  between  a 
100m  and  50m  cable.  This  is  tecause  the  cable  propagation  constant  is  so 
lossy  that  signals  reflected  from  one  end  of  the  cable  are  sufficiently  attenuated 
by  the  time  they  reach  the  other  end  that  they  are  masked  by  the  locally  generated 
signals  at  that  end. 


TIME  ( psec) 


Figure  4-17.  HA  Excited  Short  Circuit  Buried 
Cable  Currents  for  Case  1 
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C'alculatiiHis  were  also  done  of  currents  and  voltages  induced 
on  a cable  10  meters  above  the  ear  lb.  Tlu>  cable  is  modeled  as  a wire  over 
a perfect  ground  plane  except  that  the  excitini;  fields  are  obtained  by  the  llA 
fields  incident  ui)on  an  earth  bavins^  10  water  content.  Simple  TF!M  trans- 
mission line  theory  is  us(>d  to  obtain  the  solution. 

The  transmission  line  is  excitc'd  by  the  free  space  electric- 
fields  and  the  fields  reflected  from  the  earth  delayed  in  time'.  The  c'lectric 
fields  used  are  the  horizontal  electric  field  alonii  the  wire  lensjth  and  the 
vertical  electric  fields  in  the  ends.  The  transmission  line  is  loadc'd  at  each 
end  with  a 10  mc'ter  len;j,th  of  wire  havinu,  an  inductance  of  13.2  /'H. 

The  cable  is  in  the  z direction  of  Figure  4-14.  with  the  riidit  end 
referriiii^  to  the  end  pointinu;  in  the  ne^iative  z direction.  The  results  for  the 
current  for  both  HA  cases  are  shown  in  Figure  4-18. 

4.6.3  Results  for  TFM  PS  Fxcitation 

The  elec tromat;netic  field.s  produced  by  a TF!MPS  antenna  are 
much  more  complicated  than  the  HA  plane'  waves.  For  TFM  PS,  the  amplitude, 
angle  of  incidence,  and  tlu'  wave  polarization  arc'  a function  of  position,  whereas 
they  are  not  for  HA. 

Figure  4-10  shows  an  obliciue  vic'w  of  TFM  PS.  The  coordinate  system 
is  the'  same  as  that  used  in  Figure  4-l4.  The  TFM  PS  antenna  is  on  the  z axis., 
at  y X 0.  It  is  20  meters  above  an  earth  with  lO'i  water  contc'iit.  The  electric 
fields  in  the  ground  are  calculated  at  nine'  locations  shown  in  one  ciuadrant  of  the 
view  of  the  figure.  If  one  draws  a vector  from  the  origin  at  (0,0,0)  to  another  point 
(x,y,z.)  where  the  fields  are  to  bc'  ciefinc'cl,  it  is  useful  to  define  the  angles  and  o 
ac’ccjrding  to  thc'  following: 


cos 


cos  0 


r~2  5 T 

V X t V + z. 


‘y 


(7) 


A~2  T 
c X t y 


(8) 
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AWPS  AMPS 


a)  CURRENT  ON  LEFT  END 


2400  p T r - 7 


b)  CURRENT  ON  RIGHT  END 


FiUTirc  4-18.  IIA  IiuiiKN'd  Ciirmit  on  a 100m  Ixiiip 
Overhead  Cable  for  Ca.ses  1 and  2 


rndenxround  Fields  are  Calculated 


The  fields  are  found  from  the  formulas  of  Jordon  (ref.  5)  for 
fields  near  a dipole  and  are  expanded  in  a power  series  to  obtain  the  fields 
before  reflection  from  the  ends  take  place.  This  is  equivalent  to  making  the 
antenna  infinitely  lonj:,  or  else  having  a long  antenna  with  perfectly  matched 
terminations  on  each  end. 

The  resultant  total  electric  and  magnetic  fields  are 


^t  = 


^ V X -+■ 


(9) 


and 


Ho  = ^ 


(10) 


where  is  the  pulser  voltage  and  i)*  is  a constant,  and  are  chosen  to  normalize 
the  incident  electric  field  to  50  kV^m  at  the  earth  at  the  coordinate  y = 50  m. 

The  field  and  its  spectral  content  are  shown  in  Figure  4-20  and  4-21,  respectively. 


by 


The  unit  vector  perpendicular  to  the  plane  of  incidence  is  given 


A 

II 


1 


/~2„  2 

V sin 

- U (cos(l)] 

y 


0 cos  0 

'] 


2/1 
cos  P 


r ^ 

U (sin  cos  0 ) 
z 


(11) 


Then  the  incident  horizontally  polarized  and  vertically  polarized  incident  fields 
are  given  by 


E 


HP 


INC 


Ej  cos  0 

5 9 T7T) 

(sin  d cos  0 + cos  J 


A 

u. 


(12) 


11 


VP 


sinO  cost? 


INC 


>1  / . 2^  2„  . 
o (sin  J cos  «>  1 cos  ft  ) 


T7I  ^'p 


(13) 


An  approximation  is  made  that  the  plane  wave  reflection  coefficients 
for  the  earth  can  be  used.  The  fields  lielow  the  ground  are  then  calculated  in 
an  analogous  manner  as  for  HA.  The  plane  wave  transmission  coefficients 
are  used  to  obtain  the  fields  at  the  surface  for  both  polarizations.  They  are 
attenuated  exponentially  according  to  the  depth  and  both  polarizations  are  then  added 
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Figure  4-20.  TEMPS  Incident  Electric  Field  at  (-20,  50,  0) 


Figure  4-21.  Spectral  Content  of  TEMPS  Field 
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\ectorially  to  i;ivf'  a total  t'lectric  field  maiiiiilude  in  the  earth  and  an  ani^le 
' (Fiy.'ure  4-1  h)  with  respeet  to  the  y :uvis.  Because  the  vertically  and 
horizontally  polarized  reflection  coefficients  are  different  functions  of 
freciuency.  the  waveshapes  in  the  p,round  ff>r  the  components  are  generally 
different.  However,  because  of  hi^h  earth  conductivity,  the  waveshui)es 
are  very  nearly  the  same.  The  aiifile  is  t;iken  to  lx*  tlu'  arctangent  of  the 
ratio  of  the  z component  to  the  y component  at  the  time  in  which  the  total 
electric  field  peaks. 

h'iiiure  4-22  i.s  a plan  view  of  the  quadrant  of  the  TfcIMBS  for 
which  fields  are  calculated,  and  it  shows  the  peak  value  and  the  an^le  o of 
the  electric  fields  below  the  ground  as  a function  of  depth  and  horizontal 
I)osition.  Again,  the  total  attenuation  from  Im  to  20m  is  about  37  dB.  The 
variation  of  the  field  amplitudes  for  the  test  area  considered  is  on  the  order  of 
29  dB. 

The  waveshape  variation  as  a function  of  depth  at  (30,0)  is  shown 
in  Figure  4-23.  Note  the  different  amplitude  scales  for  the  three  lowest  depths. 
The  rise  time  changes  considerably  as  a function  of  depth.  F'ortunately , the 
waveshape  does  not  appear  to  change  significantly  as  a function  of  horizontal 
l^osition  and  the  curves  of  Figure  4-23  apply  to  (he  other  horizontal  positions 
as  well,  if  the  amplitudes  are  scaled  accoi’ding  to  Figure  4-22. 

Calculations  of  currents  on  a buried  cable  were  also  done  for 
TFMPS  excitation.  The  methodology  is  the  same  as  that  u.sed  for  HA, 
except  that  now  the  electric  field  excitation  varies  spatially  along  the  line 
in  both  amplitude  and  phase. 

The  cable  is  buried  in  the  earth  and  parallel  to  (he  z axis.  Because 
the  results  for  HA  showed  essentially  no  difference  between  .30m  and  100m 
cables,  and  the  fact  that  the  TFMPS  and  HA  fields  are  similar  in  shape  under- 
ground, results  will  be  presented  only  for  a 50  meb'r  cable.  It  is  buried  in  the 
earth  and  is  located  at  y 50,  and  runs  between  z 0 and  z ' 50. 
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Fif^urc  4-22.  Amplitude  Variation  of  TFMPS  L'ndert^round  Electric 
Fields  with  Depth  and  Horizontal  Location.  Fields 
Are  at  Depth  of  1 . 5,  10,  15  and  20  m 
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The  rcsulls  loi'  !h('  slmrl  circuit  currents  at  two  burial  depths 
are  shown  m I'iiuti'c  ‘1-24.  !ui‘  llv  curreni  on  the  end  of  tlie  cal)le  nearest  the 
V axis  ( / (II . 


[■'inure  4-24,  Short  Circuit  Current  on  Huritni 
Cal)les  excited  hv  TKM  PS 

'I'he  currents  on  an  elev.ited  cable  art'  also  calculated  for  the  TKM  PS 
em  irotiinent . dlie  cable  and  met hodolonv  used  ar<'  the  sanu'  as  for  IlA.  The 
cable  is  parallel  to  the  / axis.  lO  meti’rs  abov(’  the  earth,  and  runniiu;  from 
/ 0 to  ■/,  lOdm  at  a y coordinate'  of  I)')m . 'I'he  ('xcitation  in  this  case  is  piite 

compb'x.  '['he  cable  is  ('xcited  alone  its  h'lieth  by  the  tanpential  ('lectric  field 
(I‘i  ) and  on  the  ends  by  the  vertical  ('lectric  field  (I'"  ).  Poth  itudlve  dir('ct 

/.  X 

waves  from  the  antc'iuia  and  waves  n fb'cted  from  tlie  ('ai'th  d('lav('d  in  time. 

Ifolh  tlie  direct  and  earth  reflected  wa\('S  vary  alon,;  the  cable  b'linth  in  b(dh 
mafiiiilude  and  phase . 

I'iuure  11)  shows  (he  curi’ents  calculated  on  both  ('nds  of  a lOOm 
calile.  It  is  to  lx-  noted  that  the  i-(>si)ons('  at  tl\e  end  at  / 10',)  is  delayed 

with  r(’sp'(d  to  that  at  the  end  at  / 0. 
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Filiurv  4-25.  CuiTvnts  on  lOOjii  Loji”  Ovorlu'ad 
C;tl)lc  Kxcitcd  by  TKM  PS 

rndorurnund  ('iclds  Induct'd  b,-  a SIKOK  Arniv 


A sUidv  was  done  to  pi’cdict  undert’round  fit'lds  induced  tiy  a Sll'Xil-; 
tvp?  ol  arrav.  'Hk'  arrav  is  two  diinensionat  as  illusti'ated  in  Figure  4-26. 

The  array  consists  ol  a perl'ect  coirluctor  3m  atiove  tiK'  yrmind  and  110m  lony  . 

It  is  tf  rminated  in  each  ( iid  bv  a rt'sistor  which  providt'S  a w;ive  impedance  ol 
377  ohms  whicli  will  p 'rt'ectlv  match  tht-  TFM  wavt's  in  the  transmission  line 
lormed  bv  the  earth  and  the  upiK'r  plate.  The  pulser  is'locatt'd  in  the  k't't  end 
of  the  line  as  shown.  Calculations  were  performed  with  liie  pulser  providing 
eilht  r a stej)  or  vlo.ible  exp  mential  waveshape,  luil  the  doul>le  exponential 
waveshape  pro\  ided  tlie  liest  comparisons  to  the  HA  en\ ironnu'uts . 

The  analvsis  was  doni*  in  the  time  domtiin  with  a 2-1)  finite- 
differenct'  computer  solution  of  Maxwell's  e(|uations.  The  c.round  permitti\ ilit's 
v.cre  100  and  a .01  mho  m.  whicli  rouuhly  correspoiris  to  10  water 

content . 
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Fit’iirr  4-20.  'I\v()-I)inu“nsioii;il  Arrav  (Icnmcti’v  and  .Spatial 

Varialioii  of  Peak  I'h'ctr ic  Fields 


Dcptli 


KV/m 


Tlu'  spatial  variation  of  horizontal  electric  field  peak  amiilitude  is 
also  shown  in  Fimiro  4-26.  It  is  noted  that  the  fields  vary  horizontally  about 
50  over  the  reucion  shown. 

The  waveshapes  al.so  vary  slic,htly  with  horizontal  position,  but  not 
simnficantly . The  variation  with  depth  is  .shown  in  Fiiinre  4-27.  Anain,  the 
risetiine  greatly  increa.ses  at  the  lower  depths. 

Recause  it  does  not  appear  practical  to  excite  cables  with  a SIP’.GI-] 
array,  no  cable  calculations  were  performed. 


Fif^ure  4-27.  Variation  of  SIEGK  Field  Waveshapes  with 
Depth  at  Center  of  Array 
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4 . t) . 5 Diroct  Comparison  of  HA,  TEMPS,  and  SIEGE  Results 

Tlic  objective  of  this  section  is  to  provide  a convenient  one-to-one 
comparison  of  the  underground  field  and  cable  current  results  for  HA,  TEMPS, 
.uid  SIEGE  excitations. 

The  comparison  of  the  under,u;round  electric  fields  is  summarized 
by  means  of  Fiin.n'es  4-28  and  4-29. 

Ei^re  4-28  is  a .s-ummary  of  the  peak  amplitudes  of  the  underground 
electric  fields  for  the  three  excitations.  The  view  shown  is  a top  view  of  a 
TEMPS  and  SIEGE  sujjerimposed  on  top  of  each  other.  It  is  as.sumed  that  the 
facility  to  be  te.sted  would  Ix'  located  directly  under  the  center  of  the  TEMPS 
or  in  the  center  of  the  SIEGE.  Tlie  SIEGE  is  assumed  to  be  Ions  enoush  in 
the  y axis  direction  so  that  the  2D  finite-difference  analysis  would  apply.  The 
HA  fields,  of  course,  do  not  vary  with  position  but  arc  included  for  convenient 
reference. 

The  fisurc  shows  that  the  TEMPS  variation  is  much  .sreater  than 
SIP^GE  for  the  same  test  area.  Over  this  test  area,  for  example,  the  TEMPS 
field  at  5 meters  down  varies  23  dB.  while  the  SIEGE  varies  . 5 dB. 

The  fisure  shows  that  the  SIEGE  fields  at  the  center  are  not  attenuated 
with  depth  as  much  as  the  other  fields.  TEMPS  and  HA  are  attenuated  approxi- 
mately 35  dB  Ix'tween  depths  of  one  and  20  meters,  while  the  SIEGE  fields  are 
attenuated  only  alxmt  29  dB. 

One  7nay  question  whether  the  difference  in  attenuation  is  caused  by 
the  different  formulation  of  constitutive  parameters  and  or  if  it  is  caused  by 
■'W  the  difference  tetween  simulations.  In  order  to  check  this,  a computation 

was  made  of  the  HA  underj^round  fields  usintj  the  same  constitutive  parameters 
as  u.sed  in  the  SIEGE  analysis.  Tlic  attenuation  between  1 meter  and  20  meters 
was  31  dB.  In.spection  of  Fifnjre  4- 26  reveals  that  the  attenuation  for  the 
SIEGE  fields  varies  between  31  and  26  dB,  depending  upon  horizontal  position, 
f It  thus  appears  that  the  different  formulation  of  the  con.stitutive  parameters  is 

j on  the  order  of  4 dB,  Ixit  the  variation  within  the  SIEGE  simulator  itself  is  on 

1 the  order  of  5 dB. 
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Figure  4-28.  Comp.iriPon  of  Ami^lituclo  Variation  of  SIBXiF,  TFMPS.-aivi 
Threat  as  a Function  of  Horizontal  Position  and  D('pt!i 
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I'it’.lirt  4-2!).  C'omiKifiMin  nf  I'nrit fi'.rouliri  I’lt-riric  I'm  Id  \\  :i\  t -^haiH 
for  I FMPS.  II A and  SIKl.K 


Fi.;Airo  4-29  cunip.ircs  tlu'  wavi'sh.ipc  as  a fuiictiun  nt  (!•  ptli  l'»r  llie 
iliri-i'  excitations:  llA  Case  1.  TF.MPS  at  v 50  and  /.  0.  and  SIFCF  at 

niidplane . 

It  IS  clear  tliat  the  risetimes  and  ticneral  waveshapes  eoinpare  rpiiie 
favorahlv  for  these  excitations.  The  main  differcnee  appears  to  hi'  in  the 
a 111  pi  nudes. 

The  eurrents  induced  on  a buried  cable  for  HA  and  TFMPS  excitaiioii 
are  overlaid  in  Fmiire  4-30.  It  is  clear  that  the  differences  between  them  are 
prmeiiiallv  in  amplitude.  The  tmiplitude  difference  is  tx'cau.se  of  the  reduced 
value  of  the  TFMPS  undertrround  fields  and  its  spatial  amplitude  variation  and 
phase  delay.  The  excitiim  v'oltau,'C  source.s  tor  the  HA  are  uniform  and  in  ph.i^t' 
alom:  the  line.  Tlie  current  risetimes  appear  to  be  comparable, 

T)ie  currents  induced  in  an  overhead  cable  by  H.\  and  TFMPS  excita- 
tion .ire  sho\ni  in  Fiyure  4-31  . Here  the  amplitudes  and  waveshapes  compare 
f.ivorablv.  but  differ  in  detail. 
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Fit^ure  4-30.  C.’omiiari.son  of  Huried  Cable  Currents  Induced  bv 
HA  and  TFMPS  for  a 50  Meter  Fony  Cable 


4 -40 


T IME  1 (jsec) 


.1)  CURRENT  ON  LEFT  END 


T IME  ( ^isec) 

b)  CURRS  NT  ON  RIGHT  E NLJ 


I'liRiri'  . 


(’nniparison  of  Ciirrcnls  on  an  I’lcvatoci  C’alilo  for 
’I  KMI’S  and  HA  Fxcilalion 


4.  f.,  (; 


Currents  on  an  KO  Meter  Tall  Vertical  To\v(M' 

In  this  si'ction.  the  eurrcnits  iiulueed  on  an  80ni  vertical  tower  hv  HA 
and  TKMI’S  will  he  estiinati'd.  The  tower  has  an  avcraue  radius  a of  7 meters 
and  a fatness  factor  2n  VI  h a)  f>.  2(i. 

The  tower  is  exciti'd  hv  the  incident  vertical  electric  field.  For 
Case  I . the  \ertical  fieUl  is  9.5kV  m.  and  for  (,'ase  2 the  vertical  field 
is  1.7  kV  in.  Therefore,  calculalion.s  u ill  he  done  for  Case  2.  Fcaliiur 
to  Case  1 IS  linear. 

The  tower  currents  art'  estim.ited  hv  use  of  Figure  4-32  from 
Reference  8,  which  shows  the  unit  step  response.  For  an  V.  of  6.  26.  the  value 
is  4 7 ma  m for  one  volt  per  meter  input.  This  then  yields  .i  current  for  .5640 
.imiis  at  the  hast'  of  the  tower. 


Fiaure  4-32.  \orm.ili/.ed  .Short-Circuit  (,\irrent  on  a Dipole  Antenna 
Fxcilt'ti  tiv  a Fnit-Step  I-dt'ctric  Field  d ransient 


Kslim.iti'  ol  current  lor  TFMPS  excitation  is  more  diHicult.  It  the 
tower  IS  located  anvwhere  aloiut  the  y axis  fh'iitiire  4-19),  no  vertic.il  lield  is 
incident  on  the  tower.  Kslimates  will  he  made  lor  the  currents  wIkmi  the  tower 
is  located  at  y z ^0  meters  (riyurc  4-19). 

The  vertic.il  electric  field  K incident  on  the  tower  is  yiven  liv 

X 

K K cos  sin  o H4) 

X t 

where  equ-itions  17),  (H).  .ind  (91  define  the  quantities  u.scd. 

r-'or  the  present  i;eometrv,  the  incident  vertical  electric  field  on  the 
tower  is  .m  odd  function  for  20  meters  each  side  of  the  pl.uie  x 0.  Thus,  a 
first  order  .ipproxim.ition  is  th.it  the  tower  current  mainly  comes  from  the  top 
40  meters.  Tlie  .iveratte  vertical  electric  field  in  this  reiiion  is  assumed  to  he 
the  avcray,e  of  the  fields  at  x 20  .md  x 00.  .vud  the  result  is  f?>.  4 kV  m. 

This  IS  applied  to  40  meters  of  the  tower,  .uid  tht'  resultant  current  estim.ite 
is  thus  2520  amps.  This  is  .ipproximatelv  one-h.ilf  of  the  v.ilue  oht.iined  from 
H.\. 

This  approximate  .inswer  is  based  on  the  following  .ipproxim.ilions: 

1 The  incident  vertical  electric  fields  v.iries  Ime.irly  .ilom; 
th('  tower 

2 The  contrihutions  c.iused  hy  the  incident  field  .iloiuf  the 
tirst  40m  of  the  tower  (measured  from  (he  c.round)  is  zero. 

3 The  averaui’  field  .ipplied  to  the  lop  40m  of  the  .intenn.i  is 
13.  4 kV  m.  'Hus  is  not  exactlv  true 

4.0.7  Conclusions 

Re.sults  h.iv(‘  iK'en  presented  on  the  underground  fields  .ind  currents 
on  c.ihles  for  (hre.it  .ind  simulator  environments  In  this  section,  conclusions 
.ire  m.ide  reyardini;  the  effectiveness  of  the  simul.itors  in  reproducing  the 
II,\  KM  I*  environments  .ind  respon.ses. 

.Several  conclusions  c.in  lu'  m.idi'  reiiarclin.!.  the  reproduction  of 
underitroiind  fiehls: 
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1 . TKMPS  has  a rather  severe  (23  clH)  liorizontal  variation 
of  fields  over  a lOOni  x 100m  quadrant  lest  volume.  For 
a liuildimi:  requirinu;  a quadrant  of  only  50m.  the  variation 
is  18  dB.  Thus,  it  appears  that  in  eonsiderine;  a TFMT’S 
simulation,  one  needs  to  determine  if  this  nonuniformity  is 
,iceeptal)le. 

2.  TEMPS  risetimes  and  waveshaiXis  of  underiiround  fields 
compares  favamiblv  with  those  of  the  IL\  (Fie;ure  4-29 1 
,ind  the  amplitude  fall  off  with  depth  is  very  nearlv  the 
same  (within  1-2  dBi. 

3.  Another  difference  iietween  TEMPS  and  HA  is  that  the 
relative  arrival  limes  of  the  signals  on  an  underground 
test  object  is  not  the  same.  The  difference  becomes  less 
severe  with  increasinit  depth  liecause  of  the  verv  lone;  rise- 
times. 

4.  The  spatial  variation  of  the  TEMPS  fields  is  not  ,is  se\ere 
(less  than  0 clBl  alonit:  the  z axis  as  it  is  alony  the  v .ixis 
(27  dB).  as  indicated  in  Fiyurc  4-28.  This  information 
mav  be  used  to  advantai;e  if  the  test  object  is  rectangular. 

5.  A SIEGE  array  requires  a larger  pulser  than  does  the 
TEMPS  (by  a factor  of  25)  to  obtain  similar  field  levels, 
but  the  SIEGE  array  has  much  better  horizont.il  uniformitv 
of  fields  than  does  the  TEMPS. 

0.  The  SIEGE  undcri’imumi  fields  attenuate  differently  with 
de])th  as  a function  of  horizontal  position,  but  onlv  bv  5 dB. 

This  IS  probably  acceptable  for  a ^iven  test. 

7.  The  SIEGE  fields'  risetimes  are  similar  to  those  of  H.A. 

8.  Reflections  fi’om  the  ends  of  the  SIEGE  .irray  may  j)ose  a 
problem,  and  more  developmental  work  would  need  to  be 
done  to  determine  how  severe  the  problem  is  and  the  best 
wav  to  correct  it  if  needed. 

With  respect  to  respon.se  of  underground  cables,  several  conclusions 
may  1k‘  made: 

1.  The  TE .MPS-induced  currents  are  smaller  than  the  HA  induced 
currents  for  the  same  jx^ak  amplitude  field  incident  alon^  the 
line.  This  is  Ix'cause  of  the  spatial  variation  of  amplitude  .ind 
pha.se  of  the  TEMPS  environment. 
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2.  The'  nst'linu's  of  HA  and  TKM PS- induct'd  currents  arc 
verv  ne.irlv  the  same. 

3.  For  the  soU  ijaranietcrs  considered,  verv  little  difference 
in  cable  response  occurred  for  len^dhs  greater  than  50 
meters.  'Hiis  is  caused  by  the  lar”e  lossy  propagation 
constant  of  the  buried  cable. 

With  reaard  to  the  response  of  overhead  cable,  the  followin';  conclu- 
sions can  be  made: 

1.  Phase  differences  exist  between  TEMPS  and  Il.\  induced  cable 
response  because  of  the  nonuniform  excitation  caused  by  TEMPS. 

2.  The  amplitudes  of  the  response  arc  within  50  of  each  other 
for  tlie  case  considered. 

3.  'I'hc  risetimes  of  the  response  arc  verv  nearly  the  same. 

4.  The  wavc.shapes  differ  in  detail  but  have  a definite  similaritv 
(Figure  4-29). 

The  calculation  of  the  tower  currents  was  a crude  estimate  ba.sed  on 
handbook  information.  For  the  tower  considered,  the  HA  response  was  about 
twice  tliat  caused  by  TEMPS.  Differences  in  arrival  times  of  the  fields  incident 
on  the  lower  would  affect  the  waveshape,  and  a more  exact  computation  would  lie 
required  to  determine  the  si.-qiificancc  of  this. 

In  .general,  it  appears  that  both  SIEGE  and  TEMPS  .irrays  can  Ik.'  u.scd 
to  simulate  HA  excitation  within  certain  limits  as  discussed  above.  The  main 
limitations  are  caused  by  nonuniform  simulator  fields,  and  the  relative  phasing' 
of  the  induced  responses.  'I’lie  c.xact  error  in  a aiven  simul.ition  would  depend 
uixni  the  tviX's  and  importance  of  POEs  which  exist  at  the  site.  'I’lie  importance 
of  synenpstic  ('ffects  would  have  to  be  taken  into  account  because  of  the  relative 
phiisin>;  problem  of  the  various  responses.  It  should  .ilso  be  noted  that  the  SIEGE 
array  is  .i  iKiunded  wave'  simulator  and  therefore  cannot  be  used  to  excite  the 
e.xternal  |H‘net r.itors.  The.se  would  have  to  be  excited  .separatelv  bv  a direct 
drive  techniiiue. 


SKCTION  5 
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IN'II^ODUCTION 

In  this  Section,  wo  .shall  evalu.ito  the  v.iriuus  techni(|UOs  tlut  h.ivo 
boon  selectod  tor  .ipplicatum  in  ,i  hvpolhotical.  analytical,  and  experimental 
.issessnient  ol  .in  actu.il  site  represent.itivc  ot  each  of  the  lour  cl.isses  of  sites. 
For  e.ich  .ictu.il  site.  .1  croup  of  proiiosed  techiiKiues  will  be  e.x.imined  and 
I'V.ilu.ited  ,ind  r. inked  .iccordini;  to  the  ev.ilu.ition  criteria  cont. lined  in  .Section 
1.3  .tnd  fin.illv.  lor  each  site,  the  various  techniiiucs  will  tie  ranked  .iccordinc 
to  the  fiiuiincs  of  the  ev.iluation  process. 

.3.  1 SITU  1 

Site  1 is  ch.ir.LCten/ed  as  .1  laryc  coiniilex  site  with  manv  buildings; 
some  buried,  some  shielded,  some  both,  some  neither.  'Ihe  site  is  inter- 
connected with  main  Iniried  shielded  cables.  The  main  buildin.es  are  desi'aned 
with  LMP  protection  incorpor.ited.  'nie  buildincs  includi'  electromauiu't ic 
shieidine.  lAlP  v.iults.  shielderl  doors,  h.irdened  penetr.ilions.  etc.  In  eener.il. 
there  ,ire  111. inv  .mtt'iinas  of  sewer. il  tv]ies  includine  HF.  VLF.  microw.ive  and 
IlF  satellite  uplinks  .ind  domilinks.  The  site  is  l.iri;e  in  extnision.  up  to  1 
kilonu'ler  squ.ire.  The  aeiU'ric  model  of  this  class  ol  site  is  sho\ni  in  Fiyaire 
2-1.  /\n  .iclu.il  site  represent.itivc  ol  this  cl.iss  is  shouai  in  pi. in  view  m Fiyure 
2-3.  For  the  purpo.sc's  of  this  ev.ilu.ition.  Ihe  m.iin  liuried  liuildine  is  the  one 
beme  subiecied  to  .t  hypothetical  FMP  assessmi'iit . The  other  buildiims.  either 
liuried  or  on  Ihe  surl.ice  c.in  be  considered  members  of  one  of  the  other  three 
cl.isses  or  .is  p.irt  of  the  couplina  source  lor  the  111. lin  buildimv  POFs.  Hie  kev 
te.ilures  ol  the  m.tin  buildinc  ,ire:  it  is  buried,  electrom.upii't ic.illv  .shielded,  li.is 
hardened  pemet r.il  ions  fall  penetr.itioiis  enltu-  .1  sinivle  LMP  vault  ).  Peiu'tr.itions 
.ire  Ire.ited  with  electric.il  suru,e  .irrestors  .ind  tillers.  ITie  piuiet r.it  ions  ire 
extensive  in  .ire.i.  .ire  in  ipMier.ii  both  buried  .iiul  .iliove  around.  Thev  include 
power,  communic.it  ion.  ,ind  .intenn.i  c.ililes. 
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The  lest  it'cliniriiu's  selected  tor  applic.ilinn  on  Sit(  1 inclu  ln; 

1.  Tcchninuo  1:  Analysis,  scale  nio  iclini’, . subsvst(  in 
(black  box)  testim;. 

2.  I'l'chniquc  2:  Analysis,  (A\  radialion,  l’()l' dircci 
drive  (!’). 

2.  Technique  2;  Analysis,  liiqh  level  pulse  radiation, 

K)I'  direct  drive , 

4.  'rechniciuc'  4 : Analysis.  KdK  direct  dri\’e  U’'. 

2.  Techniqiu'  2;  .Analysis.  C'W  radiation,  subsystem 
Ibhick  box'  tesliim. 

f).  Teclmi(|ue  d:  .Analysis,  hi^h  level  pulse  rarii.ition. 

2.1.1  L ■ 'ndinique  1 

In  this  paraur.iph.  we  will  proceed  to  ('valuate  thc'  applicabilitv  and 
effectiveness  of  T<-chnique  1 in  a hypothetical  assessnu'iit  of  actual  Site  1 . 

2. 1.1.1  -Accuracy  of  Data 

2. 1.1. 1.1  .Analysis.  The  past  history  of  piadest  prc-dictions  lor  the  magnitude 
ol  l urrents  ,ind  \<ilta'.;es  coupled  to  burit'd  l’()l-  cables  is  accurate  to  \\ithin 

!)dn  stand. ird  d<  \iation  (o).  The  accuraev  with  which  the  electric  and  mai'- 
netic  held  c.iii  be  predicted  .is  a function  of  depth  and  soil  p.iranieii  rs  ‘ ■ < . » ■ 
is  know  n to  iihin  2 dlt  stand. ird  de\iation.  (.''et  reference  1.' 

Assuinmc,  that  the  buried  buildiii','  shieldiiu;  is  well  desic,ne«l  Inmi 
.1  K1  1 point  ol  \ lew  . IS  desicned  to  stairl  up  throir.  hout  its  protected  liletime 
i.(  ..  not  sub|(  ( f to  settling,  cr.ickini;.  corri)sioii.  p.isket  abuse,  etc.',  te-'teil 
duriti'.'  construction  to  verilv  that  the  shieldiii;-  meets  lesiun  spectfic.ilioii"- . .iiid 
is  not  violati  I in  unlon  seen  iii.uint-r.  lh<  n the  he  ld  insiih  the  buildiiu'  can  be 
predicted  lor  .i  oven  extern. li  held  outside  to  within  1 or  2 df'.  ol  tlie  .iccur.n  v 
ol  the  oricin.il  It  st  dal.i  (ii'.norinq  Ihi-  t lft  cts  ol  internal  struclun  .iml  eiiuipnient 
Ciivt  n till  .ibove  .issumpiioiis . it  c.m  be  st.iled  th.it  couplinc,  ol  In  ItK  insidi  (In 
bmldinc  l>)  inii  t ior  conluctors  .'.ithin  the  buildinq  is  nec.l ii’U bl e . Ih  net  . the 
voltai'i  .iirl  ciirr'  111  seen  al  t ach  ol  (hi  critic. il  inti  rl.ices  c.in  be  pi'edicleil 
b.ist'd  upon  pr  op  m.il  10(1  Inini  the  iioint  o|  eiitrv  to  (he  inti  rl.ice.  from  p.ist 
IM  l>  .issessmenl  predictions  and  subsequent  testin',  inli  tl.ice  volt. me  anil 
current  can  Ih  predicii  d with  an  accur.icv  ol  22  dh. 
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(liven  tti<>  interlace  \()llaiie  atid  cui’renl.  it  is  necessary  to  know 
tlie  dama'^e  and  npsf't  tfireshold  of  die  critical  e(iui))nient  at  the  critical  int(>r- 
faci's.  Tlie  valiu'  ol  these  thresholds  can  pre  predicted  analytically  hv  use  of 
existiny  STId-'RS’A P sU’le  data  htise.  or  hv  simple  analvses  of  the  interface' 
components.  Tvpical  accuracies  for  threshold  analyses  are  5 riP. 

C'omhinins;  llwse  source's  of  error  ue'  arrive'  at  a total  une’e'r tainty 
in  the'  analvtic  asse'ssment  of  approximately  25  eiP  for  one  standard  deviation. 

5. 1.  1 . 1.  2 .Sc.tle'  Model intf.  The  HDL  scale  meidel  facility  .it  Woodiir idee. 
Vireiitia  is  currently  measuring  voltaec  and  current  to  within  G dP.  cemiiv.ired 
to  theoretical  preeliction.  It  is  felt  that  with  a modicum  of  effort,  the  me.i.sure- 
ment  error  coulei  be-  rediu'cel  to  less  than  3 dP. 

A in'oblem  of  partieail.ir  intere.st  in  scale  modeline  Site  1 to  mea.sure 
se'.iled  POK  curre'nts  in  the  difficultv  in  sealine  the  effects  of  the  .soil  in  which 
the  burieei  cables  .ire  .submereeel.  However,  it  is  felt  that  eiven  actual  measured 
parameters  of  the  soil  to  be  used  at  the  site  that  these  parameters  can  be 
modeled  to  within  2 dP  in  the  lalioratory.  Kxtrapol.ition  of  tlie  scaled  fields  to 
threat  involves  data  processin,'^  errors  of  2 dP. 

Given  that  tlie  error  bounds  for  all  the  components  add  in  quadiMtiire 
the  tot.il  standard  deviation  for  scale  modelintt  testinii'  is 

^3^  2^  • 2^  -1.1  dP  - 4 

5.  1 . 1 . 1 . 3 Subsystem  tPlack  Po.x)  Testinu:.  Tlie  purpo.se  of  subsystem  testim; 

IS  to  determine  tlie  failure  .ind  upset  levels  of  the  interfaces  for  critical  equip- 
ment. The  mea.suri'ment  techniques  used  in  black  txix  testiiut  are  normallv 
accur.ite  to  within  1 dP.  However,  the  statistical  variation  of  dam. me  thres- 
holds within  a uiven  class  of  conifionents  can  vary  considerably.  For  typical 
clas.si's  ol  discri'te,  solid  state  components,  the  statistical  vari.ition  of  d.uii.itie 
thresliolds  can  be  3.5  dP.  Moreover,  black  box  testini^  at  the  .sub.system 


level  ol'vi.ites  the  need  to  model  the  eouplim;  pnth  I'l’om  the  subsystem  level  to 
the  cirenit  level.  Tins  re.sults  in  a total  o!  h dl?  improvement  in  the  a.sses.smont 


aeeuraev. 

T).  1 . 1 . 1.  -I  (A-erall  Technique  Accuracy.  In  Section  3.  we  pointed  out  that 
tlu're  are  seven  essential  elements  of  an  KMP  vuinerability  assessment.  Kach 
of  the  key  elements  can  be  determined  an.ilvtically  and  or  experimentallv.  We 
have  as.sumed  for  the  pur))oses  of  this  evaluation  that  all  would  Ih-  defermitted 
.tn.ilvlic.illv  usin^  techniques  with  known  accuracies  similar  to  th.it  used  in  the 
PHKMPT  Program.  Hence,  the  applicability  of  the  test  techniques  lies  in  their 
.ibilitv  to  increase  the  confidence  (decrease  the  error  bound)  of  the  analysis  in 
e.ich  of  the  seven  .ireas.  For  purpose  of  this  evaluation,  it  is  as.sumed  that 
there  is  zero  error  in  tlu'  detc'rmination  of  the  couplinn'  of  fields  to  internal 
rninhictni'.s  bec.iu.se  of  Die  .shield ini,''  clniracterislics  of  the  buildin.”;.  We  also 
.issume  zero  error  in  .is.sessin^  Ihe  .shieldinu;  effectiveness  of  the  buildini’. 
.dthouch  this  .issumption  may  vary  with  time.  The  two  te.st  techniques  that  we 
ha\-e  evaluated  increasi'd  the  confidence  in  the  area  of:  (1)  decreasint^  errors 
in  iDuplini;  of  volta'^es  and  currmits  to  POf.'s  from  1 to  2 dH  based  on  scale  model 
testinl,^  and  (2)  reducinti:  errors  in  upset  and  damai;e  thresholds  at  the  subsystem 
level  Irom  black  box  testinj.?  by  2 dH.  However,  Technique  1 does  not  address 
propairation  of  the  POF  coupled  siixnals  in  lhc‘  interior  of  the  structure.  Hence, 
the  overall  error  of  the  jiredictions  ^eiumated  usin^  Technique  1 would  lie 
improved  by  7 from  approximately  25  dH  to  18  dH,  one  stiindord  deviation. 

5. 1 . 1 . 2 .Site  1 - Techniiiue  1 - Cost  Factors 

In  this  .Section  we  will  evaluate  the  relative  costs  of  each  of  the 
methods  used  in  Teclmic|ue  1 . lliis  is  a relative  co.stin^  only  b.ised  upon 
current  enKineerini^  judi^ement.  It  must  b«'  borne  in  mind  that  KGKG  is  ni  t 
attenqitinfr  to  tell  the  Government  or  any  of  its  contrai-tors  what  .in  actual 
assessment  of  an  aclu.il  she  of  tliis  type  should  or  would  cost.  The  inlenl 
here  is  merely  to  make  ci’urle  order-of-ma.unitude  cstim.ites  .so  that  the 
various  techniques  can  lie  ranked  acconliim  to  relative  exjx'nsc  ver.sus  relative 
return. 
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Ti.  I 1 .2.  1 Aii.ilvsis  ('osts.  'l’!u'  I’osts  of  poi-forin inti  an  analysis  and  protest 
prediction  on  a complex  site  can  1)0  orudelv  bracketed  by  assuming  a detailed 
PHKMI’T  style  assessment  as  the  upper  hound  and  an  abbreyiated  assessment 
as  a lower  bound,  Howeyer.  since  .it  this  time,  the  details  in  the  ct  niplexity 
of  the  site  .ire  not  knomi.  the.se  are  simple  order-of-magniiude  co.stings.  71ic 
.ippro.ich  to  costing  this  type  of  effort  has  been  to  as.sume  that  an  ayerage  engi- 
neering m.inhoar  costs  of  S2.5.  00.  and  an  .iverage  technician  or  data  clerk  or 
technical  aid  costs  of  SI  5.  00  per  manhour.  The  approxim.ite  resource  require- 
mcnls  for  ,i  di't.iiled  .isscssment  are  shown  in  Table  5-1 . 


Table  5-1 

Site 

1 Detailed  Assessment  [..ilxir 

Requirements 

T.t.sk 

Labor  Requirement 

Manhours 

Site  .Suryey 

4 Engineers  2 weeks 

320  engineering  hours 

Modeling 

4 Engineers  12  weeks 
2 Aid  Clerks  12  weeks  , 

1920  engineering  hours 
9t)0  tech  hours 

Softw.ire  .Sujjport 

1 Programmer  1 0 weeks 

400  engineering  hours 

TOTALS 

2640  engineering  hours 
960  tech  hours 

2640  X S25 

S66. 000 

960  X SI  5 

14. 400 

Total 

SHO.  400 

Trayel 

6.  000 

Computer  Time 

10. 000 

TOTAL 

S96, 400 

Resource 

re(|uirements  .md  costs  for  an 

.ibbrevi.ited  .isscssment 

are  .shown  in  T.ible  5-2. 


Table  5-2 

Site  1 Abbreviated  Assessment  Lalxir  Requirements 


Task 

Labor  Requirement 

M.inhours 

Site  Sui'vey 

2 Kni;ineers 

2 weeks 

320  eniiinecrinu  hours 

Model  Inp 

2 Lnijineers 

4 weeks 

320  en^ineerinu  hours 

Software  .Sujjport 

N A 

TOTAL 

040  engineer  in;;  hou>‘s 

640  .X  $25 

$16,  000 

Tr.ivel 

0,  000 

Computer  Time 

2,  000 

TOTAL 

$24,  000 

The  S25.  00  jjer  enuineerim;'  manhour,  and  SI  5.  00  per  teehnieian 
manhour  are  us*  d rei^ardless  of  whether  tlic  test  is  loiu:  term,  short  term, 
on-site,  or  <jff-sitc.  Tliis  is  assumed  Ik'c.iusc  short  tenn  tests  (wen  thouuli 
off-site  usually  use  fully  loaded  cost inu  bee. uise  home  site  facilities  will  be 
reriuired  when  the  personnel  return.  Tom:  term,  off-site  testiim  is  sometimes 
priced  with  sep.ir.ite  off-site  reduced  overhe.id  but  the  .idditional  cost  of  tr,ivel 
h,is  to  be  considered. 

5.  1 . 1 . 2.  2 Scale  Model in^^  For  purj)oses  of  pricing  a tyjiical  sc.ile  model 
lest,  we  have  .issumed  that  a OFF  scale  model  f.icilitv  will  1k‘  provided  ,ind 
th.it  this  f.icility  will  include  environment  uener.itors.  probes,  sensors,  instru- 
mentation .ind  all  supporting  h.irdware.  Thus,  the  sc.ile  model  price  includes 
desiu.n  t>f  the  model,  fabrication  of  the  model,  .ictu.il  testin'^  .ind  reportim^. 

The  cost  resources  required  .ire  .shown  in  T.ible  5-3. 

5. 1.1.2.  3 .S\ibsystem  fBlack  Box)  Testiira.  For  purpo.ses  of  priciiu:  tvpic.il 
bl.ick  bo.x  thre.shold  tost  inn  we  have  assumed  .i  .subsvstem  te.st  f.icilitv  will  be 
provided  .is  OFF.  This  facility  will  include  drivers,  sensors.  prolM's. 
insli"ument.ition.  and  all  supportin'.;  h.irdware.  For  the  purpose  of  this 
par.it;ra])h,  we  h.ive  assumed  that  the  Air  Force  Weapons  L.ibor.itorv  I’ro- 
^rammable  Univers.il  Direct  Drive  (RUDD)  or  equivalent  would  be  provided. 
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T.iijlc  5-3 

Scale  Model  Test  Costs 


Task 

Desimi  Model 
Fabricate  Model 
Test 

Reporting 

TOTAI. 

880  X S25 
800  X SI  5 

Material 

Shippin<r 

Travel 

TOTAL 


Manhours 

320  en^ineei  iim  hours 
ICO  tech  hours 

160  eiuiiiiccriiiL;'  hours 
320  tech  hours 

320  eiiLrineeriu"  hours 
320  tech  hours 

80  en”ineerin;^  hours 

880  etiLTineerin;^  hours 
800  tech  hours 

522. 000 

12.000 

534. 000 
500 

1. 000 

8,000 

S43, 500 


From  past  EG&G  experience  in  operating;  the  PUDD,  it  has  been  found  that  a 
typical  black  box  te.st  requires  193  en^jineerin^  manhours  and  99  technician 
manhours.  Thus,  the  total  cost  of  an  averaf^e,  typical  black  box  test  in  a GFE 
facility  is  $6,310.  This  does  not  provide  any  of  the  circuit  analysis  or  functional 
analysis  . Since  "Analysis"  is  a part  of  the  technique,  these  functions  are 
assumed  to  lie  performed  there.  This  paraf^raph  covers  cost  of  test  only.  This 
is  consistent  with  methods  currently  completed  in  the  assessment  of  aircraft 
subsystems.  For  a lar^te  complex  .system  such  as  Site  1,  a minimum  subsystem 
te.st  prot^ram  should  include  10  'lilack  boxes."  Thus,  an  approximate  cost  of 
$65,000  can  lx>  ex|)ecfed. 
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If  .1  test  tacilitv  is  luit  iikkIc  .iv;iiI.i1)1c  . tlic  I'.ist  of  ,i  test  is 
incrrasfd  hv  tin  cnsl  nf  huildnm  oi’  rcntini;  <i  l<  st  f.icilitv.  Tins  cnuld  c.iusc 
Ihf  cost  Ilf  tht  test  til  increase  liv  at  least  a facinr  nf  twn  and  up  I"  u lactnr 
of  5 depiMidinu  on  comi)lexitv  and  amorii/alion  of  new  test  tacilities. 

a.  1.1. 2. 4 Cost  - Technique  I.  Mv  simple  addition  o(  all  of  the  .ihove  com - 
ponents,  it  can  be  seen  that  the  cost  of  a sit('  .issi  ssment  usinc  Teclinique  1 
wnuUl  fall  between  the  limits  of  Sliri.atU)  and  ^^204 , 000 . 

5. 1 . 1 . 3 Duration  of  Test 

In  evaluatiiu;  the  duration  of  both  the  hypothetical  sc, tie  moriel  test 
and  hypothetical  black  box  direct  drive  test,  it  h.is  been  .issumed  th.it  m Uith 
ca.ses  tlie  test  f.icilitv  would  be  CFK  and  that  it  would  Ik-  re.idih  .ivail.ible  and 
tint  only  minimum  modific.it ions  to  the  l.icility  h.irdw.ire  wouUi  be  rer|uire''  "■i 
th.it  no  undue  del.iys  would  be  incurred. 

5.1.1. 3. 1 Scale  Model,  riii’  various  ph.ises  ol  .i  sc.ile  model  test  .iri'  T 
desimi  modc'l.  (2)  build  mod(4.  (3i  |)rt'i).ire  lest  pl.m.  '41  lest,  .ind  (5' 
rcporlitm.  For  the  simplified  scale  model  test  envisioned  lor  Site  1.  e.ich 
ph.ise  would  t.ike  .ipproximately  otu“  month.  Ilmice  the  tot.il  dur.ilion  oi  the 
te.st  would  be  live  months. 

5. 1.1. 3.  2 .Subsystem  Te.st.  IMst  experienci'  usina  the  lU  Dl)  .it  Kirtl.ind  .\F11 
has  shown  th.d  it  t.ikes  .ipproxim.itelv  on(>  month  for  .i  i-ompleti'  test  cycli'  ol 
a bl.ick  box.  II  we  .is.sunie  th.il  this  f.icilitv  .issessment  would  reqiiiri  lestina 
of  ten  bl.ick  boxes,  the  tol.il  test  dur.ition  would  be  .iiiproxim.itelv  ten  months. 
Note  th.it  the  (me  month's  dur.ition  is  lor  .i  "typical”  aver.iae  complexity  bl.ick 
txix.  .Sliould  all  six  of  the  Inixes  be  extremely  complex  in  function  .md  test 
rec|Uirements,  the  dur.ition  ol  the  t(.‘st  could  exceed  ten  months. 

5 . 1 . 1 . 4 I’r.icticality 

Technique  1 would  be  .m  exlri'melv  jiractical  .ind  sinqile  techiiKiue 
to  implement  for  either  of  the  iiroixised  li'st  programs.  Vi'rv  few  .paencu's 
would  lx-  involved.  Thev  .ire;  til  the  : iion.sorina  .laoticv.  F21  lest  lacililv 
oinier,  (3)  the  testina  .lamicy,  .ind  (41  llu'  owtu'r  or  .SI’O  lor  Hie  bl.ick  bo.xi's 
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In  tu  Icsicd.  In  liMtIi  I MM  S ihc  (.icilil tcs  .ire  rinismuihlv  smiill  .iiul  simi)!c. 

Tilt  ;iri'  ciirri'ntlv  in  i \islt  nci'  .mil  nuniuillv  ;i\ ;iil:il)li'  inr  rclnlivrlv  siimll. 
>mi|)l'-  lists  siirh  .IS  tin  nnrs  iinipi  is(>d . 

n.l.l.ii  IntirUrcnrcj.'v  ith  Kuiliiv 

Nnni  Ilf  tlu'  icslini;  pnipnsi'd  in  Tim  liniqiii*  1 (akc.s  |)lacc  .it  Hit' 

.11  Ui.il  sill  , Ihrn  Inri'.  tlif  mti  rlcrciui'  .it  ihi'  fai  ilitv  wuuld  he  /amn. 

■a.  1.2  .Site  1 - redinifiut'  2 

TiM-hniqiif  2 consj.it of  .-\nal\ sis.  CW  T^adiatinn.  and  POI  Direct 
Drive  ())ulsc).  This  technique'  li.is  been  selected  lor  use  on  .Site  1 prim.inlv 
bi'C.iuse  1)1  the  idli'ctive  shielclinn  .ind  h.irdeninL;  of  the  penetrations  .it  .SiU'  1. 
lU'c.iuse  .Site  1 is  botli  buried  .uul  shielded,  there  is  no  .idequ.ite  siinul.ition 
technupie  to  increa.se  the  .in.ilvtie.il  conlidence  in  the  environment  .it  the  depth 
111  the  site  or  lor  the  cou])linu  to  the  points  of  entrv.  In  .iddition  to  this,  bee.iu.se 
ol  the  eltectivi'  shieldmu.  couplinu  of  intern.il  fields  to  the  conductors  inside 
the  site  is  not  .i  f.ictor.  lletice.  the  onlv  .ire.is  th.it  sitmtl.ition  c.in  iticre.ise 
the  cotil ifletice  over  .ind  above'  that  of  the  .in.il5'sis.  is  in  \erifvitiit  the  ('ffective- 
ness  of  the  protection  devices  on  tin'  points  of  entrv.  verdvitKi:  the  shieldiiiL, 
('fleet ii'eness.  .md  I'erilvinc,  the  prop.ea,ation  from  th('  pi'iietr.ition  to  the  critic. il 
mterl.ices.  .ind  in  n.irrowimr  tlU'  I'rror  bound  on  the  deti'rmin.ition  ol  upset  .ind 
d.iii'a  t(  thresholds  .it  the  critic  ■!  mterf.ici's.  rims,  the  comiiin.ition  ot  methods 
u-ed  m this  techiiifiue.  .iddresse.-  .ilmost  .ill  .ire. is  in  '.'Inch  simul.ition  I'.in  Ih> 
u ed  to  incrf'.i'i  the  cnnti  i nce  of  the  .isscssmi'nt . The  sob'  mt  '..tn4  element 
1 lil.ick  lio-'v  te-tm  ■ to  mminii/e  error-  in  thr('.liold  prc'dtctions. 

a.  1 . 2.  1 l.it.i  .\ccur.ic\ 

:').  1 . 2.  1.  1 .\n.ihse-.  Hu  .m.ih'.is  .ippro.ich  to  lie  used  in  T'echiiique  2 is 
id('iilic.il  totli.it  used  111  reclinii|Ui  1.  Hence  Imm  H.ir.utr.ipli  !t.  1 . 1 . 1 tlie  one 
smni.i  error  tiound  .issoci.ited  \Mtli  the  .in.il'>  t ic.il  .issessment  foi'  this  t\  pe  ot 
site  IS  25  dll. 

5.  1 . 2.  1 . 2 r\V  H.idi.iimn.  There  .ire  two  tvpes  ol  r.idi.ili'd  CW  .itti'iiu.it ion 
nie.isuremenl  e\perimeiits  ( )ne  tecliniqiie  commonl\  used  in  IMP  experinu'iits 
IS  to  I'. idi.de  the  .lie  tisiii;'.  .1  s'.'i  |)l  ( 'W  soitrci’  sucli  .IS  .1  lle'.iU'tt  P.ick.ird  swi'ep 
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tifiii'i'.Unr  . .1  liis'Ji  piiwrr  .miplili*  r .ni<i  .1  nioMopolc  ;nit('iiii;i. 

C'W  si<4n.ils  (il  imu'h  lower  .impl  1 (iide  c.iii  Im'  n)e;isured  iisin;4  tuned  receivers, 
this  techni'iue  ullows  direct  measurement  oi  th(’  ti  ansfer  lunction  trom  the  lield 
to  a critu  al  interlace  in  the  frequencv  domain.  .Another  technitiue  mon  commonlv 
associated  with  FMI  I-'MC  is  to  drive  from  inside  of  the  shielded  enc  losure  ,1 
variety  ol  antcmnas  at  different  frec|uencies  and  measuriiiL'  the  attenuation  ot  the 
field  witli  rc'ceivers  on  tlu'  outside  of  the  enclosure.  For  a site  such  as  .S'iti'  1 
which  has  hi-en  cU'siyned  to  have  hi^h  attenuation  over  tlie  bandwidth  of  interest 
and  whose  penetr.itinit:  cables  are  primarily  buried,  the  use  ol  the  monopole 
radiator  wnuld  [irobalily  not  yenerate  u.sable  signals  in.side.  Inasmuch  .is  the- 
basic  olpective  ot  a CAV  r.idiated  test  of  a site  like  this  is  to  verify  the  shieldum 
inti  r,ritv.  or  to  look  lor  HP  leaks  or  inadvertent  p'^netrations . .met  to  \erify  that 
the  buildinr  meeds  desimi  specifications,  the  second  FMI  FMC  tvpe  test  is 
recommended.  It  is  well  known  lluit  the  type  of  eciuipment  used  in  (his  tvpc  of 
te  stinc  can  .ic  hieve  ac'curacic'S  of  2 clH.  Additional  e rrors  associated  with 
tr.insforminc  the  data  to  tlu‘  time'  domain  and  extrapolating  to  threnit  mi'.dit  .idd 
•in  additional  1 dl!  because-  of  thi'  abse'iu'e  ot  phase'  data.  He  nce'  the  o\e  i.ill 
.iccur.tcv  of  the-  ( \\  radiated  measure'ine  nt  could  be-  bedwee-n  2 .ind  2 dH.  lioweve  r. 
since  a reasonable  de  sign  s^oal  tor  .such  a burieul  shie  ldeil  liuildinn  is  12b  dlf. 
tliese  accuracii'S  .ere-  acce'pt.ibli'  in  that  the-y  would  ve  rifv  de  si.an  spe-cifictitions 
to  within  a le  w dl!  and  thus  i liminate'  comple  te  ly  from  the'  .issessmc'iit  prolile  ni 
coujiliiu’  of  fields  to  inte-rnal  condui  tors. 

.A  m u-e  common  practice-  in  IMP  asse  ssment  .ind  test  proyr.ims  is 
to  radi.ite-  .1  site  w ith  CW  raditition  Ironi  a moiiopole  ante  niui.  Fitlu'r  discre  te- 
fre-'iue  iicies  are-  use  cl  to  spot  che-ck  or  .1  swe-pt  tre'ciueiicv  ce-ner.itor  is  used. 

1 se  of  .1  swe  pt  ( W ue-ne  rateir  alleiws  the- diri'ct  mi'tisure  nie  nt  eef  a tr.insler  tune  - 
tiein  Irom  the  fie  ld  to  me-asuia  nient  peiint  eef  inte  re'St.  Pecause'  .'^ite-  1 is  wi'll 
shn  leled.  le  t us  e xamine  in  an  eirele-r-of-macnitudi'  wav.  Hie  seiris  of  signals 
to  be-  e xpe  I’ti’d  . 

In  orde  r te.  illuminate  the  site'  with  iil.ine'  wave-,  .irbitrarily  de-fiiie-d 
as  eiiii-  whose'  II' eiipi’ 1 nc i pb'  ceimpeuie'nts  are'  less  than  lb  iie  rcent  of  the  ptincipli'. 
we  e-.in  .irrivi'  at  .1  distance'  H wliie  h sh'iuld  si  par.ite  the'  moiuep  ele  from  the-  te'St 
i.ite- . S(  f i mure'  5-1  . 
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P'or  .1  vortical  monopolo 


4 R 

whoro  P IS  Iho  Fovntin^  ’.oc-tor 


For  a trmismitter  radiating  10  watts  ol  )K)wor  at  520  motors 


C 9 

8.  8 X 10  watt,  m 


4 - f520r  3.4  X 10 


K P X 377  8.  8 X 377  x 10 

3. 3 X 10'^ 

_2 

F 5.7x10  m 
15  (<H  = ^ = 1.8x10"'®  tosla 

.\ssumo  ail  80  dB  buildmu  sliiold  'a  modost  as.sumptionl * 
F msido  5.7x10  ® v m 
15  insido  /i  1.  8 x 10  '"'tosla 


2 X 10  a lOMHzl 

p 

15  1.1x10^  tesla  soc 

Fsintt  tlic  lartiosl.  most  sonsilivo  ma'rnotic  field  sensor,  the  MCF-l,  which 

has  an  equivalent  area  ^ square  motors. 

V A f5 

0(1 

V 10  ■'  x 1 . 1 X 10'® 

V 1 . 1 X lO"^  volts 


•The  fii'jdfTfnsicIi'  are  not  relati'd  by  F 37711,  nor  are  they  uniform  in  space-. 
We  make-  this  assumption  her(-  only  for  the  sake  of  simplicitv.  Since  the  80  dB 
applies  to  the  least  attenuated  field  component. 
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Add  -20  d{5  earth  attenuation  (also  a conservative  assumption  at  10  MHzl 

V 1 . 1 X 10"^  volts 

Since  all  assumptions  are  conservative  and  most  frer|uencies  are 
attenuated  more  than  1 MHz.  we  .see  that  mea.surini;  the  maumetic  field  inside 
the  buildinti  is  impractical.  One  mi”ht  consider  usinc;  a more  powerful  trans- 
mitter or  movintr  the  antenna  closer.  However,  even  a 1 kilowatt  transmitter 
improves  the  simial  onlv  one  order  of  macnitude  which  is  still  too  small  to 
mea.soire  accuratclv.  Moving  the  transmitter  closer  to  the  site  dc»rades  the 
planaritv  of  the  wave  and  requires  that  additional  analysis  be  performed  to 
derii’e  the  transfer  function. 

In  an  experiment  at  tl  )[.  'Voodln' idtte  ("RFl  in  1073.  see  Reference  3. 
i'G'"  O ('xcited  five  b.iried  conduits  .ind  measured  the  current  on  wire  inside  and 
horted  to  tlu‘  conduit  .it  the  end.  The  conduits  were  burieci  six  feet  (1.  H3ml  and 
were  00  leet  <30.  105m)  lone:.  I’hev  nere  excited  by  an  overhe.id  arr.iv  .is  shown 
m -~iLtui'<  5-2.  o.ich  ol  the  conduits  w.is  flawed  .uid  the  objective  was  to  loc.ite 
the  fl.iws.  The  measured  arrav  current  was  0.8H  amps. 

The  .irrav  v.  idlh  was  K fei  I i2.'14  m)  which  uives  an  effective  surf.ice  current  dtmsitv. 

''  .HH  2. -Mm 

0. 3t)  .imp  meter 


for  radialeil  casi  : 

11  X iT  'I 

.Assume 


Fiuurc  5-2,  Buried  Conduit  Fxeiteci  by 


riuis . ilu'  surl'acc  currents  t'xcited  in  the  vicinilv  "f  Sil(>  1 are  fit)  dli  l(>ss  than 
in  the  U K 1-  ('xper iimail . 

Ititisniucli  as  the  siiiiuils  in  SMine  <i‘'  the  t'lav.a  fl  (-(mduits  wen  tin) 
small  to  record  accuralely.  nn<i  Hi”  si^ntds  predicieti  loi-  cahles  insidi'  Site  1 
conduits  an  mucli  smaller  (evcm  with  i 1 kilowatt  transmitter),  me  ot  tliis  tecdi- 
ni(|ue  IS  not  i-econimendt'd  for  Site  1. 

a. 1.2. 1.3  IK)I''  Direct  Drive  tpulse).  'I'he  ms (a-umentation  used  to  record  the 
d.it;i  durini;  llu'  Pln-se  1 and  Phase  11  cable  dri\  iina,  tests  at  the  Drdta.  1 t.ih 
PRF-iMPTSite  w;is  ;iiuily/ed  to  havi‘  an  accuracy  of  2 dB  b.ised  upon  the  known 
accuracy  of  ('acdi  ol  tiu'  compoiu'nts . .An  analysis  of  the  repeatability  of  ihi- 
c.d)l('  dri\’e  d;ita  indictited  a nniximum  spread  .it  repeat  test  points  of  3.1  dB. 

,A  weii'.hted  a\era”i‘  spread  wciuld  then  In  approximately  1-1  2 dB.  rouuhlv 
i-pual  to  the  ^iven  acciinicy  of  the  metisurenu'iit  system.  If  we  assume  th(>  two 
toll?  statistictillv  independent.  ;ind  aid  tliem  in  (|uarliture.  then  the  error  bo.in  1 
on  llu'  dal;i  is  2.5  dB.  This  is  a coiiserv.itive  estimate  bt'Ctiuse  they  are  prob.iblv 
not  statistic.il  ly  independent  (Refi'renci'  4 . 

Inasmuch  as  the  modids  diweloped  for  the  pretest  predictions  c.in 
utili/i-  as  an  iniiut  the  outiiut  of  thi'  direct  drive  pulser . there  is  no  additional 
error  invohed  in  scalinii  to  threat  if  required.  Hence,  the  overall  error  in 
the  direct  drive  experiment  is  approximately  2.5  :1B. 

5. 1 .2.  1 .4  fivyalJ  Accuracy^  Tei  hnic|ue  2_.  .^tartine,  w ith  a basidine  of  25  dB 
analysis  (|u.dily.  tlii‘  lest  techniques  increase  Itie  assessment  confidence  as 
follows . 

Tile  results  of  CU  lestinu  are  difficult  to  (iiiantify.  Tlii’  test  is 
intended  to  verify  the  shieldintt  integrity  of  the  site.  In  this  sense,  it  is  .i  cii- 
no-i;o  type  test.  'I'here  is  no  statistical  data  ;iv;iil;ible  to  show  what  the  standard 
di'viation  building  construidion  from  shieldiiu’,  desic.ii  coal. 

'i'he  IH)I'  Direct  Drive  (Pulset  test  ri'iluces  errors  in  couplinc  from 
POK  to  (drciiil  and  in  threshold  predii  lions.  If  adi'quali'  threat  level  POP  pulse 
drive  is  used,  the  i rror  in  transfer  function  from  l>()K  to  circuit  is  ri'duced  from 
13  dB  (see  l iciire  3-1  a)  to  2.5  IB.  'I'ne  net  improvement  is  10  dB.  Thus,  (he 
quality  of  .i  'I'ei dinique  2 assessment  is  15  dB. 
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1 . 2.  2 Cost  F.u’lors  \ 

I’hi-  cost  i>t  the  .inalvsis  poi  t ion;  nf  'rcc’hni((UO  2 is  Ilio  sanin  as 

I'l  c'liniquo  1 . 

ii.  1 2.  2.  ] C'W  IFuiialuin.  Without  haviiva  dolallod  information  on  the  exlumal 

and  internal  strm  turi'  of  Site  1.  it  is  diffieuiti  to  aeeuratch  predict  the  cost  ol 

determinini;  the  attenuation  of  the  structure  ex^terimcnfally . However,  witli 

tiie  use  ol  some  reasonaliie  simplifvin<i  assumptions  and  a uood  deal  ol  eimi- 

neerin^  luduemenl  based  on  past  experience,  it  should  be  possible  to  come  up 

with  a relative  a])proximate  cost.  The  assumptions  used  m this  eyaKiatioii  are 

1 , RF  drive  from  inside,  mea.s-urc  from  outside 

2.  .MtM.sure  onlv  from  10  kHz.  100  MHz.  i.e..  the 
bandwidth  of  interest  lor  FMR 

2.  ,\ssume  the  buildimt:  is  shapect  like  a rectanuuiar 
parallel-piped  that  is  each  side  a rectanyle  but  not 
neci'ssar ilv  scpiare 

■1.  As.sume  a drive  point: 

• .\1  or  near  the  center  of  each  of  the  six  sides 

• .\t  er  near  e.ich  of  the  eiyht  corners 

• .\t  or  lUMr  the  center  of  each  of  the  12  edyes 

• At  or  near  the  center  of  each  of  the  four  i|uadrants 

5.  Mea.sure  at  four  points  rounhly  e(|uivalent  to  the  four 
Corners  ol  the  top  surf.ice  at  the  surtaci'  of  the  earth 
above  the  buibiiiut. 

Thus,  then-  would  be  120  combinations  of  dri\c  and  mi’asurement 
I rom  past  IMI  F.MC  experimonts.  it  is  reasonabli'  to  exp  a t that  two  men 
could  complete  two  comiilete  mi  asurements  p >r  day.  'I  Ins  is  .i  conservativelv 
slow  estimate  based  upon  th(>  probability  of  ilifficulty  in  communication.  In 
addition,  it  will  require  apiiroximately  one  man  four  weeks  to  organize.  ;■  aly/e 
and  report  (lie  data.  'I'hus.  MO  man  lavs  or  1120  enpineeriiu;  manhours  wuild  bi 
re(|uired  for  this  test.  At  the  assumed  rale  of  $20.00  per  hour,  the  cost  ol 
such  a test  would  1h'  approximatidv  $2K.0t)0. 
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f).  1.2.  2.  3 IM)I-;  Direct  Drive  (Pulse),  At  the  I’olk  City  Autovoii  Site.  ,i  very 
e.vten.sive  .md  complete  cable  drive  jjroyram  wa.s  performed.  The  cable  drive 
program  took  a))i)roximately  three  montli.s  and  required  tlie  followimi  personnel: 

• ’ 0 TeclinicMii  ■; 

• 1 Cat'le  Drive  Technician 

• 1 Data  Clerk 

• 3 Knnineers 

• 1 TKMPS  Team  Manager 

Inasmuch  as  the  Team  Leader  or  Manager’s  presence  was  required 
primarily  because  ol  the  'ITIMPS  testinu;.  he  will  not  be  considered  in  costiii” 
and  the  equivalent  POL  direct  drive  e.xperiment  which  could  Ije  performed  with 
onlv  the  three  eiiL’ineers.  Thus  there  were  a total  of  5.  760  technician  hours  at 
a cost  of  S86.  400  and  1.  440  engineer  in”  hours  at  a cost  of  S36.  000.  Hence,  the 
total  Libor  cost  was  S122.400.  It  is  estimated  that  additional  material  and 
supplies  and  .shqipinu  costs  were  SIO.  000  for  a total  field  pro”ram  cost  of 
>132.  000.  This  was  a very  larjf  complex  facilitv  with  many  untreated  POLs. 
For  a lacilitv  with  controlled,  hardened  POLs,  a test  of  approximately  half 
this  maanitude  .should  .suffice.  However,  it  is  reasonable  to  assume  that  a 
liroaram  at  a site  such  as  Site  2 would  cost  between  S65.  000  and  Si  35.  000. 

5. 1 . 2.  2.  4 Cost  Techni(|uc  2.  An  as.sessment  of  Site  1 usina  Technique  2 
would  cost  between  SI  05.  000  and  S355.  000. 

5. 1.2. 3 Duration  of  Test 

Doth  tests  <-ould  be  run  I'oncurrently  with  little  or  no  interfer- 
ence. It  is  p 'fliaps  evi'ii  desirabk* , that  thi'  C\\  testina  be  perfornu'd  durina 
consti'uction  so  that  anv  iiiad\'ertent  leaks  cou^i  be  corrected.  An  additional 
advanta  ;e  of  testina  diiri na  the  construction  |/hase  is  that  testina  measurements 
of  attenuation  of  the  shieldina  aloii”  without  ,/he  overburden  could  be  performed 
if  desired.  Should  the  diri'ct  drive  of  the  POLs  be  as  (•ompr('liensi\'e  as  that 
[terfornied  at  Polk  City,  a total  lest  duration  of  three  months  lauild  be 
encountered  and  additional  four  to  six  weeks  of  equipau'iil  sidiip  and  lakedoun. 
Tluis.  a lest  jiroaram  of  from  ten  wi'eks  to  four  months  could  occui'. 
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Practicality 

Ttiis  would  be  an  ('xtremclv  practical  techniqvn  In  inipU  inc  nt  in 
that  a limiicd  miniber  ot  anencic’s  are  re<|uired,  all  nf  the  h.irdwai-e  that  is 
|•e(lllired  cnrrentlv  exists  and  st-veral  eovernnu  nt  a'J,ei\cie.s  and  nr  civilian 
contractors  hav(  the  retjuired  I'XjH'rtise  to  |)erlorni  Mu  tests  .ind  integrate  th<’ 
ri  suits.  TIu'  rW  radiation  would  icxiuii’e  oiu  contractor  or  yovc  rnni'.  nt  ac:encv. 
riu  din'ct  dri\-e  proivram  would  re(|uir(  oiu-  agency  or  contractoi-  phis  llu  (’il'h 
pulsers  fi-om  'he  HDL.  AFWL.  oi-  .SAM'sO  puls(  r inv(  lUoric  s plus  data  acquisi- 
t ion  inst  runi''ntat  ion. 

Verv  little  in  the  wav  of  dala  I'l  duclion  and  procc  ssitm  lime  or 
e(|uipnr'nl  would  b('  re(|uired.  Shipping' of  I he  ecjuipmenl  and  sinulatoi's  would 
also  b(  .1  praclical  mitter  since  no  exlremelv  lai'c:e  oi-  bulkv  sinuilalors  oi‘ 
inst nnn''nl.ition  would  be  retjuired. 

o.l.2.r)  In^rfi  r(_nce  with  Site 

The  C'W  shieddinu  ti'st  should  in  perfonned  duriiu;;  the  construction 
ph.is<  or  b(  loi'e  the  site  is  backfilU  ci  and  bui'ic  ci.  A delav  in  the  construction  of  up 
to  ttirei  in  I he  const  inction  could  l)(  incur  red.  IXi  rinn  I lie  If)!-,  lest  s.  site 
opir.ition,  it  started,  could  continue.  Assislanci  from  sib  persomu  1 would 
lx  requin  d to  locate  and  acc’ess  lest  points.  In  a hieh  b wel  POi  It  st,  as  in 
any  ln",li  level  test,  a peissiliil  it  y eif  upset  or  ekimii’c  exists. 

1.2  Site  1 - Technir^ue  2 

Te  e’hnie|ue  2 cenisists  eif  analysis,  hinh  leyi'l  pulse  r.idialiein.  and 
POK  Direel  Drive  (lA.  Technieiue  3 diffeo'S  freim  2 in  lliat  hixh  leved  |ndse  is 
usecl  iMthe  r Ilian  fVV  raeiiatiem.  This  ove  reonies  the  short e'ominc,  eif  the'  (AV 
approach,  wliiedi  is  that  system  eli'ments  are  neil  drivem  to  thre.it  or  nonliiit.ir 
le  ye  Is.  In  llie  'xise'  of  a we  ll-shieldee'l  buildini’,.  such  ,is  .Site  1.  hixh  li  ve  1 
indst  radi.ition  providexs  the’  additional  .lelvantaxe  of  his'.hi  r level  sii;n.ils  .ind 
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iMcre;Lscd  dynamic  raime  nl  test.  Thus,  such  a combination  as  Technique  3 
could  provide'  hi;a;h  throat  lend  raeliation  testing.  e-oml)ine'd  with  facility  re'sjjonse' 
tostini;.  and  hisdi  le’ved  eiirect  dri\o  testing  on  all  |)ortine'nt  I’OFs  ene-n  tliou<j;h. 
they  are  not  aeie-quatelv  illuminateel  by  tlio  hiu;h  k'vel  pulse,-  raeliation. 

T).  1.3.1  Accuracy  of  Data 

f).  1. 3. 1 . 1 Analysis.  As  indicateel  in  Paragraph  5.  1 . 1 . 1 . an  analytie-  asse-ss- 
mont  e)f  this  tyqx'  ejl  fae-ility  e-an  be-  e-omplotod  te>  within  approximate-ly  25  dP 
standard  de.'viatie)n. 

5.  1.3. 1.2  Hich  Level  Pulse  Radiation.  The  usefulness  of  a liitih  le-ve-1 
radiate'd  pulse-  simulator  can  be  evaluated  from  two  elistinct  persi)e-e-tive-s. 
I)ei)enciinf^  eui  one-’s  i)oint  of  view  there  are  twe>  separate  crite-ria.  The-y  are-- 

1.  The  adequae-y  ol  the  simulator,  i.e-..  field  leve-ls 
at  builcliiif;  depth  ce)mpared  te>  tlie-  threat  le-ve-1  fie-ld 
levels  at  the  same  dej^th.  and  currents  indue-ed  bv 
the  simulator  at  the  TOFls  as  e-ompared  to  e-urrents 
inelue-ed  on  similar  POLs  by  a threat  level  pulse* , and 

2.  The  usealeility  eef  the  data.  That  is.  will  the-  data  taken 
in  tlie  three  commeen  tyjjes  ol  me;usureme-nts  (internal 
fielels.  fjoints-of-entry  veeltafio  anel  e-urrent,  and  inte-r- 
fae-e  voltaiios  and  currents)  be  of  sufficient  magnitude 
anel  have  suffic-ient  sii;nal-to-iU)ise  ratios  te>  allow  for 
reiiseenable  interjiretation. 

From  .Section  4.6  we  see  that  the  fields  induced  .it  the  top  of  the 
buildinfj;  (5  meters  below  t;rade)  are  apiiroximalely  13  elB  be-lenv  HA  in  the  case 
of  'I'FMP.'^  and  over  10  clH  above  llA  in  (he  case  of  .SIFGF.  This  means  that 
the  TFMPS  simulator  jiroduces  smaller  fields  than  threat,  but  is  still  in  the  realm 
of  adequate  simulation.  On  the  other  hand,  the  SIFGF  type  simulator  [iriKluces 
simulation  which  is  marf^inal  at  liest  because  it  does  not  ex(-ite  the  POFs  outside 
th(-  buried  array.  Also,  from  Si'ction  4,  we  see  that  current  induci'd  on  cables 
by  a TFMPS  sunulator  (cables  up  to  100  meters  in  lencthi  are  approximately 
14  fill  below  threat,  whi-reas  the  SIFGF  simulator  by  its  very  nature  provides 
neffliffihlt'  excibition  for  either  liurii'd  or  overlu-ad  cables.  Thus,  for  a larf^e 
buried  facility  with  extensivi*  numerous  POFs,  SIFGF  can  Ik-  eliminated  as 
potential  threat  level  simulator  for  Site  1 tx-cause  of  the  inadequacy  of  1K)F 
excitation. 
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l-'nini  the  .i})i)vv  we  c.ui  see  lli.tt  while’  SIKGK  is  iu)t  ('(jnsidored  an 

ade’{|uato  siniulator,  TKMPS  proviilfs  small  but  adequate  field  illumination  and 

1H)F,  excitation.  We  shall  now  evaluate  the  usefulness  of  the  TFMPS  simulator 

m .in  I:MP  vulnerability  as.sessment  program  of  <i  well  .shie'lded  site,  .such  as 

Site  1.  based  u])on  the  second  criteria  - usabilitv  of  the  data. 

Referriim  once  ayain  to  Section  4.  we  see  that  the  TKMPS  induced 

3 

pe.ik  electric  field  at  a depth  of  -5  meters  is  a 2.6  x 10  volts  per  meter.  .\s 

before,  we  assume  a consen’ative  80  dH  field  attenuation  due  to  building 

slueldini:.  thus  TKMPS  induced  fields  inside  the  buildinc;  are  of  the  order  of 

2.6  X lO'^  volts  |X’r  meter.  At  the  5 meter  depth,  the  II  field  induced 

by  TKMPS  is  equal  to  6.4  and  the  P field  is  8.6  x 10  Hence,  the  interior 

mamietic  field  is  8.6  x 10  tesla.  The  risetime  of  the  external  field 

at  this  depth  is  approximately  600  nano.scconds.  Assuminfr  an  interior 

* 10  6 

risetime  of  aiiproximately  1 microsecond,  H 8.6  x 10  1 x 10  8.6  x 

-4 

10  , aufl  usiny  thi'  larimst  eciuivalent  area  MGK  ft  .Sensor,  which  has  ec|uiva- 

“ D 

lent  armi  of  0.1  meters  sc|uared,  this  i^ives  an  output  siijjnal  of  8.6  x 10  volts. 
This  signal  is  within  the  dynamic  rauj^e  of  present  oscilloscope/camera 
recordiiyic  systems  only  if  a 40  dP  amplifier  is  used.  However,  this  is  the 
anticipated  peak  value;  details  of  the  time  history  and  frequency  content  may 
Ik’  difficult  to  int('rpr('t.  Moreover,  should  total  magnetic  attenuation  exceed 
80  dP  over  an  appreciable  portion  of  the  KMP  freciuency  band,  the  ix'iik  may  be 
too  .small  to  measure  accurately.  Naturally  the  converse  is  also  true  and  the 
sifiiials  may  be  larger.  The  situation  will  be  further  complicated  by  the  installed 
equipment  which  enhances  and  shields  field  in  an  nonanalytically  predictable 
manner.  From  this  we  conclude  that  TPIM  I’S  is  marginal  as  a tool  maj)j)ing 
interior  field  level. 

We  shall  now  proceed  to  evaluate  the  applicability  and  usability  of 
the  TKMPS  simulator  to  measure  coupling  of  fields  directly  to  extermil  coupling 
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paths  (potiotralions).  Frum  Section  4,  we  see  that  currents  inrluceci  upon 
t)uried  cal)les  at  the  5 meter  depth  for  caldes  t)oth  !30  and  100  meters  in  lem^th, 
tlie  currents  are  in  the  (jrder  of  00  to  80  amps.  For  greater  depths  these 
currents  are  sm.iller.  therefore,  this  is  a l)est  ca.se  analysis  as  far  as  mduciii”' 
usable  siiAiials  in  a cable.  ,\s.suminit  a very  conservative  cable  shieldinji  effec- 
tiveness of  60  dB.  the  amount  of  this  total  current  induced  on  the  interior  bundle 
of  conductors  would  l>e  in  the  order  of  60  to  80  millivolts.  This  is  indeed  a 
measurable  siy;nal  level  usiiyn  Singer  type  bulk  current  probes  with  transfer 
functions  of  1 ohm.  However,  this  has  tx'en  such  an  e.\ceedim;ly  conservative 
ev.iluation.  imiorim;  such  factors  as; 

1 . The  division  of  the  core  current  amomr  many  conductors. 

2.  The  additional  40  to  60  dB  attenuation  encountered  in 
propagation  from  the  point  of  penetration  to  the  critical 
interface. 

3.  The  fact  that  most  siitnal  cables  have  considerably  more 
th.in  60  dB  shielding;  effectiveness,  .ind 

4.  The  buried  cables  will,  in  all  probabilih',  lx,'  Ixiried  at 
depths  greater  th.in  5 meters. 

We  can  reason. ibly  conclude  that  although  there  is  a hiu.h  probability 
of  useful  data  liein^  taken  on  some  interf.ice  circuit  measurements,  there  is  a 
very  small  prob.ibilitv  of  beins^  able  to  ade(|u.itely  m.ip  the  distribution  of 
currents  throughout  the  facility  and  determining’  the  tr.insfer  functions  from 
fields  to  critical  [joints  with  ,iny  reasonable  decree  of  accuracy.  Hence,  we 
c;m  concludi'  the  TFMBS  simulator  is  not  a useful  simul.itor  for  performini^ 
tlie  ty[X‘  of  full-scale  FMP  puLse  radiation  facility  tests  .such  as  has  been 
[)er formed  in  the  PRFMBT  Pronr.im. 

H.ivinit  shown  that  neither  the  SIFGF  nor  the  TEMPS  simulators  are 
,ider(uate  tools  for  performiii”:  a "classic.il"  facility  EMP  test,  one  can  reason- 
ably ask,  "Is  there  any  rea.sonable  a]iplication  for  such  liiah  level  [xilse  testima?" 
In  the  ca.se  of  a newlv  constincted  buildine  incorpor.it iny;  modern  .shield  desiyii 
yoals,  null  or  zero  results  and  the  absence  of  any  facility  response,  e.y., 
upset  or  damaye , constitutes  meaninyful  dat.i  and  can  contribute  to  a 
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sucTfsslul  tost.  Tlius.  a Icvt  1 radiated  pulse  test  could  lie  successtull’. 

IK'flormed  as  a quick  and  simple  veniicatioii  test  ol  liiiildinc  shieldin'.’,  and 
building  penetration  hardening.  Should  si^nilicant  Held  levels  !>e  encountered, 
or  should  si^nilicant  current  lie  measured  on  tlie  inside  ol  the  points-ol-(  ntr\  . 
one  could  immediately  coiiclud*'  that  there  uas  a ileliciencv  eithi’i'  in  tlie  builditi' 
design  or  a variance  in  the  Iniildin'^  construction  Irom  building  desnan. 

5. 1.3. 1.3  POK  Direct  Drive  P).  From  Paraaraph  3. 1.2.  1.3.  we  have 
already  shown  that  the  accuracy  ot  measurements  in  Direct  Drive  P lestina 

is  2 dP.  and  the  overall  accuracy  of  the  test  technique  to  be  aiiiiro.ximatelv  2.  a dl’. 

3.  1.3.  1.4  Overall  Technique  .Accuracy,  (liven  that  the  error  in  Hu  pr> - 
diction  of  voltaaes  and  currents  at  the  penetration  ol  tlie  point-ot-eiii  r\  is  a dH 
and  that  the  error  ot  the  prediction  at  the  circuit  level  is  22  dP  and  thai  thev 
add  lineaiTv.  ttu'  improvement  in  llie  prediction  reaii/ti'd  bv  (he  I)ir<c'  l)riM 
point-of-entry  test  is  10  dP  (from  13  to  2.3  pi'r  Fiaure  3.1  ao  The  accuracv 
of  till'  assessment  as  refiiU'd  li\'  the  results  ot  this  test  would  then  be  la  dP, 
or  10  dp  improvt'd  over  that  based  on  visual  site  survev  alone.  Die  accuracv 
of  the  Site  1 predictions  would  not  !)(•  affected  by  a 'I  FM  PS  test  b(  cause  tin  data- 
taken  clurina  such  a test  would  predominatelv  null  the  d.da,  I'assumin;'  .i- "cl;isj.iic.il' 
assessiiH’iit  type  'I  FMI’S  test  proiaram). 

3. 1 . 3. 1 . 3 Modilication  to  the  I IM  I’S  Pulser  or  Antenna . i iivt  n t hat  we  havt 

concluded  that  the  TFM  I’S  simulator  is  not  a useiul  tool  lor  it  >tinc,  a lac  ilii'.  such 
;us  Site  1.  oil*'  can  lot’.ically  ask,  ".Are  there  simple  modilicat ions  to  the  I IMP." 
pulser  or  antenna  wtiudi  would  make  it  a useiul  tool'.’"  Itu  1 I M PS  coverac'  area 
and  the  peak-lree  Held,  electric  lield  \ahies  are  shown  m I ic.ure  lor  a 

test  ob|ect  to  be  illuminated  by  the  earlv  last  i isitic  pe.ik  Held,  will:  • 10  |u n enl 
Held  nonuiiilormitv.  that  test  obiect  must  be  within  a 2b  .on  b ir.iin  tin  ci  iiter  line 
shown  in  the  illu.stration.  Pv  observation,  the  104  iiieii  i bv  110  nieier  buried 
buried  buildinp;  would  Inive  to  be  located  at  the  100  nieler  dislanct  on  the  center  line. 
At  this  distance,  the  peak-lre«'  Held  is  alreadv  reduced  to  2('  k\  per  meter  who  h 
would  mean  that  data  which  is  alreadv  too  low  to  be  useiul  in  an  assessment  |iro- 
gram  would  reduced  l>v  an  additional  tactor  ol  2. 
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1 ('ll  ttu'  I ale  Time  Hailiatin^  AntMina  would  not  si'aniricantlv 

atloct  tliu  ir.'ak  vaUu'  ol  llio  Iroo  (‘loctric  n('ld  at  this  raiuj;!'  hoeaust'  tills  is 
L'aivornod  prinianlv  iiv  tiu'  early  linie  radiation  from  tlie  iiicone.  W itliiii  ttie  2fi 
1 IM  PS  eoverauc  anyle.  only  tiie  late  time  fields  are  supported  tiv  rafliation  from 
l urrents  in  tlie  late  time  antenna.  Tiierefore.  chairaiiiu  the  lenetli  of  tlie  antenna 
would  ehaiu’.e  Hie  lopar itiimie  dc'erement  of  tlie  deeayinr;  pulse.  l>uf  would  not 
affeel  tlie  peak  field.  Inasmuch  as  it  has  already  hetm  sliown  tliat  th(S(>  fielfis 
,ire  marginal  to  inadequate'  at  IIk'  50  meter  point  and  tlu'  KK)  meter  point, 
one  must  emvlude  llv.it  U'ni;1henin”;  the  antenna  would  not  siy,nifieantlv  inerease 
the  usability  of  the  Tl-'MPS  simulator. 

Another  potentitil  modification  to  the  TFMPS  to  ineiu'a.se  the  eltieii'iiev 
with  which  eiieruy  is  eoupb'd  into  and  Ik'Iow  the  Ltround.  would  be  a modification 
..f  tlif.  .'.round  eomieetion  at  tlu'  termination  of  the  late  time  antenna.  One  could . 
b.  drivinr.  a -.a-ound  system  to  nre-at  depths  in  the  eround . force'  the  TI'M  PS 
.inlenna  currents  to  greater  depths,  liowe've'r.  it  was  shown  in  analysis  of  Itu' 
SirCtI'  type-  array  that  the  buried  transmission  line  eurre'iii  require'd  for  II.A 
le\(  I iKdds  .It  or  near  the  surface'  far  exeee'els  the  capability  of  the  TFMPS  pulser. 
'Ihus.  although  i de  taib'd  eiuant itat ive-  study  of  an  optimum  TFMPS  uround  intem- 
l.ice'  h.is  not  be'e'ii  p uTornu'd  one  can  reason. ibly  cone'lude-  that  it  weiuld  not  dccre'ase' 
lest  el(  ficiencie'S  to  the-  point  wheua'  use'fut  elala  could  be'  iiroduee'd. 

5. 1.3. 2 

'Fhe  cost  foi'  analytic  asse'ssme'iit  in  Technique  3 is  the'  same'  as 
for  Te'chni'iues  1 and  2 . 

5. 1.3.2.  1 Ilipli  I.eyel  Pulse  Hadiation.  'Fhe'  re-ntal  mist  for  .i  TFM  PS  simulator 
amounts  to  roanhlv  1 to  1.5  million  dollars  per  year.  This  fee  incKute'S  the  cost 
of  instrumentation  and  op'>ral intr  e-revy . He'cause’  of  lhe>  hie.hly  variable'  e'xpense's 
inyolved  in  site'  preparation  and  test  pre'parat ion . transportation  and  asse'inbly. 
e.x.ie  t cost  estimates  for  ;i  te'St  of  S-'e'  1 would  have'  to  be*  determined  based  on  le'St 
olqe‘clive*s  lor  such  a site'.  None' tlu'U'SS  for  any  TI'IMI’S  lest,  oi'  TI'M  I’S  style 
lest.s,  costs  Would  Ix'  of  the  oreler  of  1 million  dollars. 
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Durat  mn  . if  Test 


Tochiiiquc  3.  t nip'.nving  llu>  list'  m[  hiph  level  i)ulsc  lestin;,  would 
requiiM'  a Ihi'eat  li-vel  pulse  simulator  sucli  as  TI'MI’S.  Since*  1*0 1,  direct  drive 
'I’ulst'l  is  also  to  he  emptoved.  additional  pulsers  would  be  rc*(iuirefl.  I-or  a 
hiuh  If'vel  pulse  test  site,  preparation  and  simulator  assemblv  require  approxi- 
malelv  one  mo-illi.  'nds  includes  erection  of  simulator  palser  and  radiatinp 
antenna,  data  reduction  facilities,  data  acquisition  facili'ies.  administrative 
office  sp.ice.  and  installation  ol  utilities.  .A  similar  period  of  time  would  Ik' 
required  at  the  end  of  tlie  propram  to  remove  the  simulator  and  associated 
equipment.  Based  ufion  previous  ti'St  efforts  at  I’olk  ( itv,  I lorida.  and  Bi*lta. 
l lah.  a mininuim  ti'St  period  of  six  months  would  be  required.  Durinp  the  six 
month  peri. Hi.  both  Hiph  l evel  Rilse  radiation  and  1*()K  Direct  Drive  (I’l  could  be 
accomplished.  As  in  jiast  tests  utili/.iiu^  TFM  PS.  1*()K  Direct  Drive  testinp  could 
be  .iccomiilished  concurrent  w ith  TFM  PS  on  a nonintt-rference  b.isis.  Inasmuch 
.IS  .s'i ({■  1 is  a very  lame,  functionally  complex  facility,  with  a larpe  number  of 
ditferinp  types  of  l*()Fs.  a six  month  test  firopram  is  considered  a minimum  ti-sl . 

f) . 1 . 3 . 4 Practii  ali ty 

Anv  test  of  a larpi*  conqilex  facility  usinp  threat  level  simulation 
teidmiques  requires  the  application  of  considerable  ri'sources.  both  in  terms 
of  li.irdwari'  .md  manhours  re<|uir<'d. 

A considerable  number  of  ;ipen(di>s  inevitably  bi'cnme  involvi'd  in  a 
threat  level  simulation  t est . At  a minimum,  the  usinp  apencies.  sponsorinp  apency  , 
the  simulator  owner  apeni  ies,  their  contractors,  and  the  analysis  apeiu  y and  tiudr 
contractors  would  be  involved.  In  typical  past  FMP  assessment  proprams,  a 
test  w'orkinp  proup  was  lornu’d  wdth  representatives  from  all  ot  the  pat  tic  ip.itinp 
.mem  u'S  as  members.  In  preparation  for  a lest  the  test  workinp  pnmp  In-ptin 
meelinps  as  early  as  three  to  six  months  in  advance  of  the  lest.  Test  (ilanninp 
.ind  coordination  must  bepin  a minimum  of  six  months  in  advance  of  smdi  a 
larpe  scale  test  iiropram. 
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'I'lu'  trst  facilities  required  lor  such  a prou:iMm  are  typdied  bv  the 
inveiitorv  of  the  full  scale  TF.Ml’S  facility.  This  facilitv  consi.sts  ot; 

1.  'Hie  TKM  ITS  pulse r.  with  aiitenua 

2.  Tlie  TKMP.S  coniniand  and  control  van 

3.  TKMPS  niainlen.uice  man 

•1.  ;\  data  acctuisition  instrmncntalion  van 

5,  An  insti-umentation  calibration  van 

().  .A  data  reduction  van 

7.  .An  equipment  van 

H.  .\flmini,strat ion.  encinei'rim^  and  office  .space 
(up  to  5 addilion.il  mobile  office  trailersl 

For  a test  iiro^ram  utili'/in^^  a threat  level  radiatinc:  simulator 
other  than  TFMPS.  a similar  complement  of  material  would  be  n'Ciuin'd.  fThe 
In-Place  Prouram  usin^  SIFGF  required  slightly  more  resources). 

The  transportation  requirements  for  such  a program,  although  varvinc, 
lart^ely  with  the  objectives  aiui  scope  of  the  prouram , contain  as  a minimum  the  use 
ot  10  to  20  larce  semi -traih'rs  to  transport  the  facility  equi[)ment  and  the  \ans  a so- 
ciated.  Trans])  irtation  outside  CONl'S  becomes  [iroun'ssivelv  more  cijiniilicated . 

5,1.3.  .5  liiterterence  with  Site 

The  install.it ion  of  .inv  threat  level  simul.itor  n'quires  e.\tenstve 
l.icilities  construction  in  tiu'  vicinity  of  the  site.  However,  .ill  ot  these  eltorts 
involve  onlv  tempor.irv  niodific.it ions  to  the  site;  .it  the  termin.ition  ot  test  .ill 
t.icilities  c.in  be  removed,  .ind  the  siti'  restored  to  its  orij^inal  condition.  IXirina 
.1  lest  of  this  n.iture  .icces.s  to  the  .site  .ind  to  tlie  .site  oper.ttinu  personnel  would 
bi'  re(|uired  lor  the  d.it.i  .icquisition  ni^ineers  .md  teidinici.ins. 

Duriiu;  .i  thre.it  le\  (d  test  usin^  eitlu-r  thre.it  level  r.idi.ited  simul.i- 
tion.  or  h'ali  level  l>Oi'  direct  drive,  the  imssibilitv  of  function.il  interrupt  ion 
of  .nte  .ictivitv  exists.  .\lthoU';h  it  is  impossible  to  .iccuratelv  predict,  in  .i 
newlv  co.i  tructed  IMP  hardened  site.  Ilu'  prob.ibiUtv  of  more  th.m  occ.iston.il 
tr.insieni  mteriniits  uould  1«'  ver\  sm.ill.  It  is  .uit icip.ited  th.it  this  site  could 
be  111. lint. iiiu'd  oper.itioii.il  tlii’ounliout  such  .i  te.st 


riuMT  ,irr  11(1  uMii|U(‘  iH  rsniiiU'l  Safety  ha/.arcls  encounlerc'd  durmu 
F.MP  testing.  Then  is  a lii  di  vnlta^e  cU'ctr teal  hazard  prcsc’nt  in  the  vieinitv 
of  a piilserfsl.  However,  tlu'  site  operatiiiy  personnel  are  not  e.xposerl  to 
tties('  li.iz.irds,  I'liere  .ire  no  known  r.idi.ition  li.iz.ards  .issoeiated  with  KMP 
testing.  Ihiwever.  some  eomr.umic.itions  eontr.u-Iors.  sueli  .is  ATwT.  do  not 
.illow  ttu'ir  personnel  to  I'e  exposed  tliroiuih  eleetrie.il  fields  in  excess  of  a 1;\' 
jier  meter.  .Should  prete --t  iiredictions  or  e.trl’.  lov.  level  testiim’  inrlic.ite  th.it 
.such  fields  will  exist  in  .ireas  where  the  site  oix'r.itin”-  personnel  are  reumred 
to  be.  shield  rooms  c.ui  lie  inst. tiled  in  those  .ircas  so  that  site  oper.itnu,  per- 
.sonnel  can  be  iiroti'cled  durin,”  actcuil  Inch  level  testing. 

.).  1 . 4 Site  1 - rei'hnifiue  4 

Technif|ue  4 consists  of  .inalvsis  .uid  POh'  direct  drive  IP).  J’lie 
use  of  onl’v  din'd  drive  U'stin”  incre.ises  the  .issessment  confirk'iict'  onlv  in 
the  are.i  of  intern.il  propaitation  ind  noiiline.ir  threat  li'vel  re.s])onse  of  the  POP 
electrical  surre  .irn'stors.  The  .vises, aiient  confidence  would  be  limited  to  the 
.in.ilvsis  confidence  in  the  .ire. is  of  shii'idiii".  thresholds  .ind  POP  couplimt. 

5. 1 . 4. 1 .\ssi‘ssmenl  of  Clonfidenct' 

5. 1 .4.  1 . 1 An.ilvsis.  'flii'  .iccur.icv  of  the  .in.ilvsis  for  'rechnique  4 Is  the  s.iine 
.is  lor  Techniques  1.  2.  .tnd  .3,  that  i.s  23  dP. 

3. 1 . 4.  1 . 2 PtM-:  Direcl  Drive.  The  POP  direct  drive  test  increases  the 
u.s.se.s.sment  accuraev  bv  10  dH.  Ironi  23  to  13  dll  total. 

5.  1.4.2  Costs 

The  cost  ol  the  .in.ilvtic  .is.si'ssment  is  the  s.inie  .is  discus.sed  .ibove. 
The  cost  of  the  POP  direct  drive  test  is  the  s.ime  .is  discus.si'd  .ibove. 

3 . 1 . 4 . 3 Du r.ition 

The  dur.ition  ol  .i  POP  direct  drive  test,  as  discu  ised  .ibove.  would 
tie  Iro.n  ei'aht  wei'ks  to  lour  months. 
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I’r.ici  ic.il  iiv 

A-'  tliscussf'd  .iboviv  implcmcnl.il imi  ul  I’OK  dircci  dn\c  tt'sis  is 
■111  rxt rcnn'l V pr.iciHMl  U'chnuiuc  m th.it  lew  ,ii;cmu'ics  .m*  invulvcil  .md  all  d 
havdwan'  and  t'xpi'riisi'  i-fr|iiin-d  I'cir  ihis  program  ciirrt'iills  cxisis  aiul 
I'ciuld  1h'  shippetl  to  the  site  with  niimimmi  pnihlcins. 

5.  1 4.  5 InlcrlVix'iu'C  with  Facility 

As  disciiss('fl  above,  ihcrc  would  be  no  inK'rference  with  the  opera- 
tion of  the  laeililv  willi  ihe  exception  that  support  Irotn  site  personnel  would  be 
rerjutred  foi-  locatinn'  dri\-e  and  measurement  points  and  there  .ilwavs  exists 
the  possibilitv  iliiriiHt  threat  b'vel  direct  drive  K'stin^  that  tin-  sit<  oj).  r.  Mons 
mav  b(‘  bri<'fl\  interrupted. 

5.1.5  Site  1 - Technique  5 

Teclinifiue  5 consists  ol  .inalvsis,  (AV  I’adiation.  .ind  .subsvstem 

test  nut. 

5. 1 . 5.  1 Accur  iev  ol  Data 

5. 1 , 5. 1 . 1 .\nalvsis.  The  analvsis  .ijjproach  to  tx'  used  in  Techni(|ue  5 is 
identiia!  to  that  used  in  TechiiKiuc  1.  lienee.  Irom  I’araitt'aiih  1.1.1  1.  The 
one  si^ma  error  .issociated  with  an  anaivtic  assessnu'iit  lor  tliis  tvpe  of  siU' 

IS  25  dB. 

5.  1.5.  1.2  CW  R.idiation.  As  menlimieil  earlu'r  m the  ('valuation  ol  TechiiKjue 
2.  there  are  two  tyites  of  potential  CW  r.idiation  U'sts  which  could  be  jx-rfoi-med. 
Since  till'  purpose  of  this  C.AV  radiated  test  is  to  verifv  tlie  mte-fitv  of  the 
elect romaiiiietK  .shield,  the  recommended  teclinique  is  to  locale  the  r.idi.itiiu; 
elements  or  .mtenttas  inside  th('  site  .ind  me.i.suri'  tlu'  re.sull.int  fields  outside 
th('  site.  In  order  to  cover  Ihe  b.md  with  of  interest  sevi'r.il  stvles  .md  sizes 
of  .uitenn.is  would  be  required.  The  accur.icv  of  Ihis  tvpe  of  lest  would  bi'  plus 
or  minus  5 cIB. 

nie  sland.ird  method  of  illuinin.it in^  a site  with  r.idi.iled  CW  from 
.1  vertical  moitoixde  .iiul  mea.siirlni'.  fields,  currents,  .ind  volt.mes  inside  thi' 
site  IS  not  recommended  for  .ijipl ic.ilion  ,it  Site  1 litis  is  iH'c.iuse  Ih.e 
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.iniii  ip.il-  (1  sin-  liliiu  nl  Sil<-  1 IS  con.'^orv.itivi'lv  cstimatrci  to  HO  dl>. 

.,11.1  th.  ilMi.miii-  iMiua  'll  ihis  U'rhnk|U('  i.s  in.^vittu  unii  to  m.iko  nuMmimlul 
nil  .i.-uiviin  nin  .imi  l.u  il  it  u s with  thi.s  nuich  .iitfiiu.itioii. 

1 . "i.  1 :i  .Suli.'^v.nti  ni  (Hl.ick  Box!  Tostiiva.  lU.ick  box  U'.stiiin  at  the  si.b.svstoiii 
1.  \ (1  miprov.  s ih<  .u-cur.icv  ot  thf  .issc'.s.siiunii  bv  reduciiua  ihr  unfortaintv  in 
till  tlin  siu.lds  111  the  devices,  .ind  bv  obvi.itiiid  the  need  to  model  the  couplim; 
p.dh  li'oni  the  sui  S',  stem  levt  1 to  the  ciremt  level.  This  re.sulls  in  .i  total  ol 
.'i  dll  improvement  m the  .issessmcnt  pri'dict ion. 

r,.  1 . 5. 1 .4  Overall  Teetinui_ue  Aci  uracy  . Inasmuch  as  the  recommended  CA  test 
IS  a site  shielding  v.didation  t,  st.  and  not  a transfer  function  measurement,  •here 
IS  n 1 'immlitative  increase  in  tlu'  .iccuracv  of  the  predictions  resulting  tT-mi  this  test. 
Th(  increased  accuracy  resultin.t  l.  om  the  subsystem  U'Stin^  is  5 dlb  Tin-  overall 
error  of  the  assessment  prediction  'generated  usin^  Techniqu  • 5 would  therelore  be 
improved  from  approximately  2f)  dB  to  appro.xmiately  20  dB  for  one  standard d.  viation. 

a,  1 . h.  2 Chisls 

'file  .in.il\sis  cost  lor  .i  25  dB  as.se  ,sment  ol  .Site  1 lies  bt'iweeii 
S24.000  .Old  SOti.  400.  The  .ipproxim.de  cost  lor  nK'a.surni'a  the  .ittenuation  of 
till  lacilii'.  Irom  inside  to  outside  utilr/mu  .i  (TV  radi.ition  techni<|ue  would  be 
.ipproxim.delv  S2K.  000.  .Approximate  cost  of  subsystem  (bl.ick  boxt  testuna 
.issumim;  .i  total  -d  10  Ih.xcs  to  be  tested  would  be  .ipproxim.delv  SC-5.  000.  Bv 
imple  adddmn  ol  the  .ilxive  component  cost  c.m  1h'  seen  th.it  .i  t.icililv  .issc'ss- 
meiit  ol  Sit.  1 usiti  '.  Techniqu.  5 \c  -uld  f.ill  iH'tween  illummants  of  S117.000 
and  SI  HO.  000. 

5,  1 , 5.  a Dur.ition  ot  I',  .si 

It  has  pr.'viouslv  b.  . n . stimd.  th.it  .i  CW  r.idulion  t.  st  on  Sit.  1 
could  iH-  perlornied  m one  month,  with  .m  .iddilional  2-4  weeks  for  e(|Uipmenl 
setup  and  te.ir  d.iwm.  .\  subsvstem  (black  box)  test  proitram  for  .Site  1 compo- 
nents. .i.ssumina  testma  **l  1*'  lui.xes  woiibl  t.ike  10  m inllis. 
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This  would  bu  an  extremely  practical  technu|ue  to  implement.  Oilv 
a limited  number  of  agencies  are  required.  <ill  of  the  hardware  that  is  required 
currently  exists,  and  .several  government  agencies  mid  civilian  contractors 
h.ive  tlie  required  expertise  to  perform  both  the  CVV  and  the  Subsystem  tests. 

5. 1 . 5.  5 Interference  wi>h  Site 

niere  would  be  little  or  no  interference  with  .setup  operation. 

Supiiort  from  site  per.sonnel  would  be  minimal  in  that  no  test  points  withm  the 
facility  operating  equipment  would  be  utilized.  Tliere  is  a possibilitv,  small 
but  non-zero,  that  the  levels  of  radiation  involved  in  a CW  test  from  inside  tlie 
facility  may  cau.se  .some  interference  with  site  equipment  resulting  in  tnuisient 
interrupt . 

5.1.G  Site  1 - Technique  6 

Technique  G consists  of  analysis  combined  with  high  level  puLse 

radiation. 

5.1.6. 1 .\ccuracy  of  the  I>ata 

The  total  accuracy  of  an  as.sessment  of  a well  .shielded  and  hardened 
facility  .such  as  Site  1 based  on  Technic|ue  6 would  be  limited  to  the  accuraev 
involved  in  the  analytic  as.sessment.  Hecause  of  the  limited  dynamic  range  of 
a TKMPS  .style  test,  compared  to  the  building  .shielding,  accurate  data  to  refine 
the  jiredictive  model  i-ould  not  lie  reliably  obtained.  Ikmce,  a TFMPS  style 
test  would  lie  used  primarily  to  deti'ct  leaks  or  other  deviations  from  design 
goals.  Technique  G then  is  essentially  a 25  dP  analytic  assessment  program 
whose  ri'Sults  might  be  verified  or  disproveii  by  a TEMP.S  test.  It  is  difficult 
to  cjuantify  the  resultant  ri'ductioii  in  uncertainty.  The  assessment  confidimce 
resulting  from  the  application  of  Technique  6 would  ihen  be  25  dP. 

5. 1.6. 2 Costs 

The  rental  cost  for  a TKMPS  style  simulator  amounts  to  roughly 
1 to  1.5  million  jier  year.  A go,  no-go  style  test  such  as  envisioned  would  last 
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between  3 .mti  3 months.  Current  en^meerinr;  estimate  is  approximately  3 
months,  however,  because  costs  do  not  scale  linearly,  and  because  the  exact 
cost  estimates  would  have  to  be  ba.sed  on  test  objectives  and  transiy>rtation 
co.st.  e.xact  cost  estimates  for  Site  1 would  have  to  be  determined.  However, 
a TKMPS  stvle  te.st  combined  with  detailed  analvsis  effort,  would  result  in 
cost  of  the  order  of  S500,  000. 

5 . 1 . 6 . 3 IXiration 

Because  the  hinh  level  pulse  radiation  test  envisioned  for  Site  1. 
Technique  B is  es.sentiallv  to  lio,  no-t^o  style  te.st  a program  much  .shorter  th.m 
the  G month  program  discus.scd  in  Paragraph  5.1  is  envisioned.  However, 
inasmuch  as  .Site  1 is  a lar.ne  complex  site  even  an  abbreviated  iio.  no-'ao  .st\le 
test  could  not  be  performe:'.  m less  than  3 months. 

5 . 1 . G . 4 Practicality 

.\s  mentioned  earlier,  any  te.st  of  a lar^m  facility  usinu;  threat  level 
simulation  technu|ues  reijuires  considerable  resources,  (.see  Parasjraph  5. 1.3.4). 
Hence.  Teclmiiiue  G is  considered  to  be  an  impractical  te.st  program.  'Hie 
results  .iciiuired.  in  terms  of  increased  confidence  or  increa.sed  accuracy  in  the 
assessment  do  not  compare  favorably  itli  the  hi  ,h  cost  .md  lar>;e  resource 
reiiuirements. 

5 . 1 . G . 5 Interference  with  -Site 

The  installation  of  any  threat  level  simul.itor  requires  e.xtensive 
lacilities  con.stnictioii  m the  vicinity  of  the  site.  However,  all  the.se  efforts 
involvi'  only  temporary  modific.itions  to  the  site;  at  tlie  termination  of  ti'sts. 

.ill  facilities  can  be  rmiiovi'd,  ;ind  the  site  restored  to  its  ori'.;in.il  condition. 
During'  a test  of  this  nature  access  to  the  site  .ind  to  the  site  o|x>r.it inr:  ixn-.sonnel 
would  lx‘  ref|Uired  for  d.ita  .icquisitioii  engineers  .ind  techniciims. 

Dunne  ;i  thre.it  hwel  ti'st  the  possibility  of  function, il  interruption 
a siti'  .ictivity  exists  .illowinir  jyissible  to  pmlict  accur.itelv,  in  .i  newlv  con- 
.sti-ucted  i;.\IP  hardened  site,  prob.ibility  of  more  than  occ.ision.il  tr.insient 
mteriaipts  would  !«•  very  sni.ill. 


(iciUTic  Site  2 is  cliaracii’ri/c:!  as  a hui'icti  shielded  liuildiii::.  In 
L'.eneral  . Ihe  luiildme  nias  nr  mav  imi  ha\t’  an  antenna  i(j',ver  present:  it  has 
l(  'A  rallies  whirli  are  luii-ied  and  shielded,  his  I-'MI>  slmddine,  tirnund  Ihe 
baildin'j, . has  few  antennas  and  has  nn  speeial  I'M  I’  preti'etinn  <>n  the  p aietra- 
linns  Ilf  lh<‘  rabies.  The  inaierir  .‘^iie  2 nmdel  is  shown  in  f igure  2-2.  .An 
actual  site  represent;!!  ive  n!  this  idass  is  shown  in  phin  vieA  in  I- inure  2-fl. 
Th(‘ia’  .ire  no  u a\  ap  aides . horns,  ei-  to\\a-ral  this  siiC’,  nor  tire  then'  any  s>ilt 
('111-108:')  aniiainas  . There  tire  four  hardened  '.inteniuis  (C'.A-301Hlli  . Tlu-v 
are  lortiled  appro.ximtitely  285  feet  due  wesi  nf  the  mtiin  buildiun^  tind  are  placa-d 
on  two  sep  irate  towers.  Tlii'  rabies  from  e.irh  of  llu'  hard  tintennas  enter  the 
rrouni  at  the  antenna  base.  The  rabies  then  run  approxinititely  800  feet  to  the 
b.iildinij.  Th('re  are  Ihia'e  1,-‘I  rabh  s niproximatelv  2"  in  diameter  and  etirh 
htis  ;i  1 8"  lead  shield  rovi  red  bv  ;i  1 8"  insulation  layer.  In  addition  to  the 
hard  .inleniias  listed  ;il)o\ e , there  is  one  IM  radio  antenna.  There  is  one 
1-1  4"di;iniet(  r local  teli‘phone  liiu  cable  which  enters  Ihe  baildiny.  This 

telephone  cable  is  burn'd.  The  mini  powi  r lines  approach  ftu’  site  front  ‘he 
norlhetist  abort'  p,i'ound.  .'\t  ;i  point  1 5f)  leet  from  the  northeast  corner  ol  the 
building  Ihe  p iwif  lines  enter  Ihe  p,roun  l.  Power  cables  are  t'ach  taicased  in 
;i  conduit.  Kach  lainduit  is  'I"  inditimeter.  Thi  se  conduits  tire  buried  approxi- 
mati'ly  one  fool  uiitlerpround  and  they  run  to  Ihe  p iwer  transformer  located  tit 
Ihe  noj-lheasl  side  of  Ihe  buildiiifr.  Table  2-5  summari/es  Ihe  antenna  tind 
cable  p'uiefrtilions  to  actual  Site  2. 

The  lest  lechnitiues  sidected  for  applictilion  on  Site  2 inclutle: 

1.  'rechnique  2 - Analysis,  CV\  Hadialion.  POl'  Direct  Drive. 

2.  Technitjue  .'1  - Analysis.  Ilie.h  lawel  Pulse  Radial  ion  P01-! 
Direct  Drive  tP| 

8.  Technif|ue  5 - Analysis.  CVV  Radiation,  Subsystem  (Hl.ick  Iloxi 
'I'eslinu 

4.  Tt'chnitiuf'  fi  - Analysis,  lliph  l.evel  I’ulst'  Radiation 
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fi.  Tfchniqu.'  7 - Aiuilvsis.  l.nw  Le  vel  Pulse  Huduilion.  POK 
Dirt'ci  Drive  ( P) 

ti.  T('chnif|ue  R - Aiuilysis.  CW  [{udiali'in . IK)R'  Direel  Drive 
(CW  . P01-:  Diriet  Drive  (PI 

Technieiue'  2 woulel  euiipdiye'  CW  radiaiinn  1e)  eiuu'klv  test  site'  shield 
inte  .■.rilv.  As  ihe're'  are'  le-w  anie'iinas  and  external  eable>s  asseieiate'd  with  this 
sitt  . eiire  e i drive-  ot  the-  POLs  to  those'  levels  pre'die  led  by  what  iiiiLtht  be  anti- 
rip-.ile'el  to  be  an  onlv  iii.ede  rate'  analysis  e'lTorl  would  e-omplebe'  the'  asse-ssnient 
le-v'hnifiue' . 

'I'e  e hnieiui'  h would  also  use'  C'W'  radiation  to  te'St  site  shie'ld  inte'uritx  . 
Due'  to  the'  numbe  r .ind  siniplie-ity  eif  antennas  and  rabies  a nio.ie'St  analysis 
e'lfeerl  ueeulei  be'  aiH  i ri  pa  led  to  estimate'  to  and  throuuh  the  K)Ks.  No  se.phisiieate! 
I'  SA  preitee  tieeii  e xists  ieir  this  site'  so  that  subsyste-m  ti'Sts  eauild  then  («■  used  to 
pre  eiie-l  upse  t etama';e  ihre  sheilds  and  niari;ins  eit  safe'ty. 

Technieiue'  7 was  se-lecte'd  primarily  beeause'  leer  the-  particular  site 
meule  1 the  re'  was  re  ase.n  to  be'lie'Vi'  that  the'  site  shie  ld  mav  have'  be'Cii  le-ss  than 
a-le'eiuate-.  'nie  re' tore' . while'  Site'  2 has  a shie'ld.  its  inti'pritv  is  ve'rv  uiie  e'rlam  . 
This  hviiothe'sis  is  l■l'rtainlv  in  harmony  with  the  tart  that  LSA  preile'e  t ion  is  iieit 
proviete'd.  Love-  le  ve  l pulse'  radiation  is  tln'ii  a viable  te'St  approach  for  Site  2. 

Pe  e ausi'  ()|  the  re  lative'  simp'iritv  of  the'  site,  a modest  analysis  e'fforl  v^ould 
1)1'  anlie  ipale'.t  feir  I'ouplinp  pre'itirtieins . follo'.ve'd  liy  etire'e't  drive  ol  (lie  POf'S 
to  pri'ftii- le'et  |e'\r  l.s. 

Te'i  tinieiue  R is  ide-ntie-al  to  Te'c luiieiue'  2.  with  e'xri'ptioii  of  additional 
(■\^  diree  t etrivi'  te'Stiiu!,.  This  additional  leaturi'  is  irirticularlv  aiipliratile 
tK'cause'  of  the'  lai'k  of  LSA  prolerlion  of  Site  2.  As  in  other  test  programs,  it 
would  e'Xle'irt  till'  imde'i'stanetinu  of  the  I'emplint^  me'chanisms  or  transfer  lunrtiems 
into  the'  Site' . 
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5.2.1 


Site  2 - TtHhni(|uc  2 

Tcchiii(|ue  2 {-oii.si.st.s  of  ;ui;ilysis , C'W  F^adiation,  and  IK)!-'  Dirt'cl  Drive. 

5 . 2 . 1 . 1 .Accuraey  of  Data 

5. 2. 1.1.1  .Analvsi.s.  An  analysis  of  tins  type  of  site  would  consist  of  descrilniui 
the  local  electromagnetic  environnmi  t , descrihintj  the  external  POP’  couplim:. 
asst'.ssim:  tlu'  propai^ation  of  1X)D  coupled  signals  inside  the  huildiny;  shifddiny:, 

and  determining  the  failure  and  upset  thresholds  of  the  critical  interfaces. 

The  electromagnetic-  environment  at  the  site  can  t)(>  predictc‘d  as  a 
function  of  de|)th  and  soil  p.irameters  to  within  5.5  dP.  Pretest  predictions  for 
the'  magnitude  of  curremts  and  voltages  coupled  to  buried  TOF  cables  are  accurate 
to  within  9 clH.  If  we  assume  that  the  buried  building  shieldin^^  is  well  desiu:ned 
and  has  not  dederiorated  dramatically  since  construction,  then  the  field  inside  the 
buildinsi  can  bc'  predicted  to  within  6 dP  (i^norini^  the  effects  of  internal  structure 
and  c'quipment).  However,  since  Site  2 has  not  had  a recent  FM  shielding:  effective- 
ness test,  and  defects  in  shieldinii:  frecjuently  impossible  to  detect  visually, 

lar^c*  \ariances  in  internal  fields  could  be  encounterc'd . This  will  be  rc'flectc'd  in 
incrc'ased  uncertainties  in  the  intc>rnal  coupling  models.  De^^radation  of  predictions 
at  critical  interface's  is  e.stimatc'd  at  fi  dll.  Hence,  the  voltaic'  and  currents  sc'en 
at  each  of  the  ci-itical  interface's  e-an  be'  pre'die'ted  base'd  upon  the  propaieation  fremi 
the'  point  of  e-ntry  to  the  inte'rfae'e  only  tei  within  ‘ 28  elll.  From  past  I!MP  pre'die'- 
tions  anei  subse'ejue'nt  te'Stin^,  the  value  of  the'  damaitc  ;mei  upse't  tliresholets  can  Ix' 
pre'dicted  analytically  by  simple  hanel  analysis  or  from  existing  data  bases  to 
within  an  ae'curae'y  of  30-5  elR. 

5.2.  1.1.2  C'W  Hadiatieni.  For  this  site,  a standarel  FM  P ty|X'  C'W  test  is 

assunu'el.  In  this  type'  of  test,  a site  is  illuminateei  by  a known  CW  fie'lei  anei 

transfe  r fuiu'tions  are  measure'el  eiirectJy.  In  the  eliscussion  of  CW  radiation 

te'Stinit  in  Parattrajih  5.1,  it  was  note'el  that  usinix  a 10  watt  raeliator  outsiele'  the' 

builelitift,  anei  assumiiift  buileiin^  atte-nuation  of  KO  elll,  11-dot  signals  witliin  the 

builelinc  woulel  be'  ejf  the*  orele'r  eif  a fe'W  millieolts.  He'iii'e'.  this  type'  eif  a te-sl 

woulel  be'  aele'e|uate'  te>  ve'rify  that  the'  e-ombine'ei  buileliiiet  anei  e'arth  shielelin^  at 

.^ite'  2 were  at  le'ast  80  elll.  Fe>r  sif^nals  at  fr<  eiuene'ie'S  whie'h  were'  not  .ittenuate-d 

by  at  least  80  elll,  me'asurable  data  in  exe'ess  of  a fe'W  millivolts  woulel  be  taken 
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taken  inside  the  tiuildin^^.  Tlierefore,  since  it  is  the  ot)jectivc  of  a CW 
radiated  test  to  \erify  that  the  shielding  intei^i’ity  of  the  t)uildin{^  is  in 
excess  of  80  dO,  this  t\'[)e  of  test  would  be  adequate.  Because  the  signal 
to  noise  ratio,  when  nu‘asui'ing  inillivoll  level  signals  inside  a communica- 
tion site  are  less  than  20  dB  the  accuracy  of  the  data  would  Ix'  questionable 
(errors  of  the  order  of  magnitude  of  10  dB  could  easily  occur).  Thus,  if  the 
total  attenuation  of  the  earth  overburden  and  the  building  shielding  is  in  excess 
of  100  dB,  this  technique  could  not  accurately  measure  the  transfer  function. 
However,  since  80  dB  is  considered  adequate  shielding,  the  inability’  to  measure 
transfer  functions  is  unimportant  and  the  errors  mentioned  above  are  acceptable. 

5.  2. 1 . 1 . 3 BOB  Direct  Drive  IP).  As  .stated  in  5.  2.  2.  3,  individual  voltage 
and  current  measurements  in  a direct  drive  pulse  test  of  a BOP)  can  lie  made 
within  l.f)  dB.  .\vcrage  stmidard  deviation  for  voltage  and  current  transfer 
functions  in  this  type  of  test  is  2.  5 dB. 

5.  2. 1 . 1 . 4 CK-erall  .\ccuracy  - Technique  2.  For  an  older  site  who.se  EM 
shielding  has  not  Ix-en  recently  te.sted.  variance  IxHween  specified  shielding 
value  and  actu.il  shielding  value  can  be  quite  large.  Errors  up  to  40  dB  (at 
some  freciuencies)  in  the  estimate  of  shielding  effectiveness  could  be  encoun- 
tered. This  would  introduce  additional  errors  in  interior  coupling  model. 
Although,  it  is  difficult  to  qu.intify  these  errors,  an  estimate  of  6 dB  has 
lieen  assumed.  Therefore,  it  is  estimated  that  a CW  test  which  verifies 
shielding,  or  jiinjioints  defects  would  increase  assessment  accuracy  by  6 dB 
narrowing  uncertainty  in  shielding  ;uid  an  additional  3 dB  by  contributing  to 
refined  model  parameters. 

Wlien  combined  with  BOE  direct  drive  (B),  which  further  reduces 
errors  in  internal  coupling,  an  as.sessment  .iccuracy  of  13  dB  could  be  achieved. 

5.  2. 1.2  Cost  Factors 

5.  2.1.2. 1 Analysis.  Given  that  Site  2 is  a buried,  shielded  Imilding.  the 
coupling  analysis  for  interior  coupling  paths  would  be  limited  to  propagation 
from  points  of  eiury  to  the  critical  interf.ices.  Since  it  is  al.so  time  th.it  there 
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arc  a limited  luimlxT  of  |):)ints  of  entry  to  Site  2.  the  couidin^  of  tlie  external 
eoupliiu:  to  tlie  POKs  could  be  analy/.ed  in  a fairly  simple  straie:htforuard 

fashion.  Because  of  the  relative  simplicity  of  the  ^(‘ometry  of  Site  2 and  of 

«» 

the  couiiliim  analysis,  an  al)l)reviated  type  assi’ssment  of  Site  2 should  i>e  atie- 
(luate  to  yij'ld  an  assessment  with  api)roximately  32  dB  accuracy.  Such  an  assess 
ment  would  re(|uire  approximately  2 man-monthsto  plan,  perform  and  document 
a site  survey:  ai)i)roximately  0 man-months  to  model,  analyze,  and  make- 
predicti(jns;  1 man-month  to  report:  and  some  travel  and  computer  costs.  Such 
an  asse.ssment  would  cost  h('tw<'eii  25  and  35  thousand  dollar.s. 

5.  2. 1.2.  2 C\V  Radiation.  .-\.s.s-um ins  that  the  appropriate  equipment  i.s  readily 
available  as  GF'E.  and  that  site  access  will  not  provide  undue  delay,  it  should 
be  })ossiblc  for  one  technician  .md  one  ensinecr  to  set  up  the  test  equipment, 
complete  the  test,  and  remove  the  test  equipment  in  four  weeks.  Thus,  there 
would  be  IGO  hours  of  engiit'crins  time  ;md  320  hours  of  technician  time.  It 
will  require  an  additional  two  weeks  of  ensincerins  lime  .ind  one  week  of  tech- 
nical publications  time  to  prepare  a report.  Tlius,  the  total  cost  of  .sucli  a 
simple  CW  radiated  test  would  involve  six  weeks  of  ensineerins  time  .uid  fiv^c 
weeks  of  technician  time.  At  $25  and  $15  per  hour  res{X'ctively.  this  tot.ils  to 
$0000.  Tliis  test  does  not  include  the  cost  of  .uiy  analysis  which  would  be  done 
under  the  analysis  .section. 

5.  2. 1.2.  3 POPl  Direct  Drive  (lhjl.se).  A.t^ain,  given  that  the  test  equipment  i.s 
provided  as  GFE  and  that  undue  delays  arc  not  encountered  liecause  of  site 
access  problems,  the  POE  direct  drive  tc.st  on  a fairly  simple  f.iciliU-  with 
limited  numbers  of  POEs  could  be  accompli.shed  by  one  engineer  and  two  tech- 
nicians in  approximately  one  montli.  An  additional  two  weeks  in  engineering  time 
would  lx?  required  for  test  reporting.  An  additional  two  weeks  technici.in  time 
would  Ix'  required  for  a technical  publications  support  in  preparing  the  test  report 
Thus,  a total  of  400  technician  hours  and  240  hours  of  engineering  would  lx* 
required.  At  a cost  of  $15-$25  per  hour  respccth'oly,  the  total  cost  would  Ix' 
$12,000.  Once  again,  this  does  not  include  dahi  analysis  or  data  reduction. 
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5.  2. 1 . 3 IXir.i'.ion 

In  evaluating  the  duration  of  a hypotlictical  test  program  it  has 
been  assumed  that  the  test  faeilitv  and  test  liardware  would  be  (JFK  ami  the 
test  facility  would  be  available  and  the  onlv  minimum  modifications  to  the 
facility  would  be  re(|uired  so  that  no  undue  delays  would  Ik‘  incurred. 

5.  2. 1.3. 1 C\V  Radiation.  .\  simple  CVV  radiation  test  involvine,  a meiisurement 
of  up  to  30  trmisfer  functions  could  lie  performed  m approximatelv  two  wt  eks. 
Should  additional  transfer  functions  In?  required  up  to  four  weeks  mu.lit  Ik 
expended  in  this  type  of  testing. 

The  POP’  direct  drive  'pulse)  test  ))rogram  could  t*-  ])erformed  on  .t 
facility  .such  as  .Site  2 in  a two  month  period. 

5. 2. 1.4  Practicality 

nds  would  be  an  e.xtremely  practic.il  technique  to  imiilement.  iJnlv 
a limited  number  of  government  agencies  are  required,  .ill  of  the  h.irdw.ire  th.it 
is  required  curi-ently  exists  ;md  several  government  .igencu's  or  .'ivili.in  con- 
tractors h.ive  the  required  expertise  to  perform  tlu'  tests.  Hie  CW  radi.ition 
test  would  rec|uire  only  one  contractor  or  government  .igencv  in  addition  to  the 
facility  oper.itor.  'llic  direct  drive  program  would  ro(|uire  one  agenev  or 
contr.ictor.  Very  little,  in  the  way  of  d.it.i  ri-duction  .ind  processing  time  or 
equipment  would  be  rixiuired;  this  part  would  1h'  jirovided  bv  tlu'  .m.ilvsis  con- 
tractor. .Shipping  of  equipment  .ind  simul.itors  would  also  U-  a ])ractic.il  m.itti'r 
since  no  e.xtremely  large  or  liulkv  simul.itors  or  instrumentation  is  contemiil.dcd. 

If  5.2.1. 5 Interference  with  .Site 

' The  interfercMice  witli  the  site  ojX'r.ition  occ.isioned  bv  thesi’  tests 

would  In'  minimum.  There  would  Ix'  fev,  or  no  site  modilic.itions  requiri'd, 
there  would  be  no  earth  work  re<|uired.  .s'upport  Inmi  site  personnel  would  be 
required  in  locating  and  connecting  to  tlie  drive  .ind  test  points  durim'  Ixitli  the 
1 CW  .ind  P(;K  te.sts.  iXiring  POF  direct  drivi'  .it  high  level,  there  doe.x  exist  .i 

possibility  ol  brief  interruptions  of  the  site.  l or  this  tvpe  there  is  no  r.idi.ition 
hazard  and  only  routine  .safety  h.izards  th.it  .ire  connected  with  .inv  hi  di  volt. me 
pul.se  te.st. 
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5.  2.  2 Site  2 Tochiii(|UO  3 

Teehniquc  3 consists  of  Analysis,  Hiu;h  Level  IHilse,  and  POL 
Direct  Drive  (T’ulse). 

3.2.  2.  1 .\ccuracy  of  Data 

5.  2.  2.  t.  1 .Vna lysis.  A.s  in  Technique  2,  an  ablireviated  asses.snient  of  Site  2 
eoviUi  1m>  performed  with  an  accuracy  of  32  dH. 

3.  2.  2.  1 . 2 Hi^h  Level  lAil.se  Radiation.  The  objectives  of  a high  level  puLse 
radiation  test  at  a facility  .such  as  Site  2 would  be:  1)  determine  electroma.gnetic 
attenuation  provided  by  the  buiLiing  .shielding,  and  2)  mea.sure  the  electromag- 
netic and  functional  response  of  the  facility  to  a threat  level  ijulse.  Site  2 is 
Ixith  ljuried  ,ind  shielded,  and  it  is  que.stionable  whether  sufficient  signal  level 
would  be  attainalile  inside  the  site  to  make  an  accurate  mea.surenient  to  .satisfy 
objective  1.  Refloction  and  attenuation  los.ses  of  13  clB  can  be  anticipated. 
conservative  estimate  of  GO  dll  shielding  provided  by  the  .seven  ounce  copper 
sheath  on  the  building  is  as.sumed.  Hence,  a total  electromagnetic  field  atten- 
uation of  approximately  75  dll  is  to  be  anticiji.ited  at  Site  2.  Kven  if  there 
should  be  large  deficiencies  at  .some  freciuencies  or  in  .some  loc.itions  within 
Site  2 it  is  extremely  unlikely  that  adequate  data  would  exist  for  an  accurate 
quantitative  determination  of  the  field  within  the  liuilding. 

llecause  Site  2 is  both  buried  and  shielded,  the  primary  coupling 
factor  to  the  critical  interfaces  will  lx-  e.xcitalion  of  the  I’OFs,  Inasmuch  as 
the  )H.‘netrations  at  Site  2 are  not  treated  with  .surge  arrestors  or  filters, 

. the.se  penetrations  are  freciuently  confined  to  the  loc.il  .irea  (e,  g.,  area  lighting) 

a TF.MPS  environment  would  jirovide  .idequate  field  levels  to  perform  a me,m- 
ingful  test  of  the  coupling  from  the  field  to  the  critical  circuits  on  the  interior 
of  the  Iniilding.  Post  test  as.sessment  accuracies  after  a high  level  pul.se  te.st 
are  of  the  order  of  1 2-1  5 dll. 
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5 2.  2.  1 . 3 POK  Direct  Drive  (IHilsc).  [ic'causo  uC  the  liniitcd  size  of  the 
coverage  area  of  the  TKMPS  field.  ;i.s  compared  to  a HA  field  excitation  of 
the  external  conplinp  paths  to  the  penetrations  will  not  achieve  comparalile 
levels.  W'hen  ust'd  in  conjanclion  with  a TFIMPS  test.  POK  Direct  Drive 
Ihil.sel  overcomes  this  deficiency. 

5.  2.  2. 1.4  CK-erall  Technique  .\ccur.icy.  Tlie  combination  of  .\nalysis.  Hiu;h 
Level  lh.il.se  Radiation,  .md  POK  Direct  Drive  fPulsel  was  used  on  the  .AKTOVOX 
sites  at  Polk  City.  Florida  .md  Delta.  Ut.ih.  By  verifyin<4  and  refinini;'  predic- 
tive models  of  those  sites,  it  is  fell  th.U  the  post  test  predictions  concerning 
the.se  sites  .ire  acciir.ite  to  within  approximately  10-12  dB.  By  comparison  i' 

IS  as.sumed  lh.it  'rechni(|ue  3 could  be  .ipplied  to  Site  2 with  equal  accuracy 
yicldintt  a total  as.sessmcnt  with  10-12dB  errors  or  uncertainties. 

5.  2.  2.  2 Costs 

.\  hi^h  level  pulse  radi.ition  siniul.itor  similar  to  the  TEMPS  co.sts 
1 to  1 . .I  million  dollars  per  yc.ir.  In.ismuch  .is  .Site  2 is  fairly  .i  simple  site, 
both  function.illy  .ind  t;eometrically.  a pulse  test  duration  of  .ipproximately  3 
montlis  IS  .issumed.  However,  bec.iu.se  simulator  operating:  co.sts  do  not  scale 
Ime.irly  a hic;h  level  puLse  r.idiation  test  proi^ram  would  co.st  on  the  order  ol 
S500.  000.  When  combined  with  the  analysis  and  POK  direct  drive  costs,  a tot.il 
assessment  pro^r.im  ol  apiiroximately  SGOO.  000  would  be  involved  in  the  use 
of  Technique  3. 

5.  2.  2.  3 lXir.it  ion 

The  hi^li  level  inilse  r.uli.itioii  test  would  require  3 months.  A POK 
direct  drive  pulse  test  projn-.im  would  require  approximately  2 months.  By 
comliininn  the  two  .md  t.ikini?  advant.i<;e  of  common  data  requirements  the  test 
profiram  could  probably  Im'  comjjres.sed  to  4 months.  An  additional  2 months 
would  1k>  retjuired  for  settini^  up  and  tearing  down  the  equipment. 
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;■).  2.  2.  4 


i’r.icl  leal  ii  V 


Anv  i(  si  usiim  throat  lovol  simulators  roquiros  considoralilo 
, rt'sourcfs,  rhus.  such  ,i  tost  ranks  low  and  a scale  ol  pract  ical  Uv , I'articu- 

larl'.  will  n compared  to  the  other  K'chn Kpu's  which  vteld  assessment  accuracies 
com|xiralile  to  Teclinique  3 at  much  li'ss  cost  and  effort. 

0.2.2.')  Interlerence  with  site 

l■'■:tensI\e  phvsical  modilicat  ions  are  required  in  the  vicinitv  o| 
the  sill-  to  liuusc  the  simul.itor  laciliiies.  llowmi  r.  all  oi  these  mofiilicai ions 
are  tem|iorarv  and  the  site  can  he  returned  to  its  oidpinal  conlicurai  ton  at  tin 
I nd  o|  a lest  propiann.  Durinp  both  Hitih  Level  Pulsi'  Hadiaiion  and  I’OI-  I)ire>-t 
Drive  testinc  assist. nice  would  he  reiiuired  from  the  site  personnel  in  localinp 
.md  accessing  measurement  points.  Diudnp  any  lliith  I.e\el  Pulse  test  the 
l)ossii)tlitv  ot  transient  interrupts  or  d.imape  exists. 

5.2.3  .Site  2 - Techttigue  5 

’F'cchnique  5 consists  of  .in. ilvsis.  C\V  r.idi.ition.  .md  suhsvstem 
dil.ick  1)' ix ) test I'.iu. 

.").  2.  3.  1 .\ccur.icv  ol  Dal.i 

3.  2.  3.  1.1  .Analysis.  .As  in  Ti'chnique  2.  .in  .ihhrevi.ited  .is.sessment  type 
.in.ilvsis  ol  Site  2 could  lie  perlormed  with  .in  .issessment  confidence  interv.il 
ol  32  dll  n siqm.il. 

.5.  2.  3,  1 . 2 C'W  K.idi.ition.  .As  noted  .iliove.  the  .uwur.icy  of  C'W  r.idi.ition  is 
within  1 dll.  flecause  of  reduced  error  in  internal  couplini;  ami  model  parameter - 
izinit.  overall  tissessment  is  improved  hy  It)  dP. 

5.  2.  3.  1 . 3 .Subsystem  f'lll.ick  llo.x”)  Ti'slinu.  .As  iioti'd  m P.ir.ii;r.iph  5. 1.1. 1.3 
for  lvpic.il  cl.isses  of  discrete  solid  slate  comiioneni  tvpi'  h.irdw.ire.  si.ilistic.il 
vari.ition  ol  d.im.iqed  thresholds  is  the  limitini;  f.iclor  in  the  .iccur.icy  of  hl.ick 
) box  testiina.  'Hiis  error  is  in  the  vicinitv  of  3 dll.  which  resitlts  in  2 dll 

1 improvemi'iil  ovi'r  the  5 dll  analysis  error. 

% 

A 
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0\i  rail  Arciirary  - rccliniciia  Ti . Slarliii^  a ii  h a ;<2  d H aiialvlit 
a'^MSMiu  nl.  the  adlilioiial  at  rurai  y pi’> )vi(l<’d  lu'  'hf  CU  and  su()svs!<  iii  J<  st  js 
17  (IH.  Tliii‘^.  Ihc  cv(  rail  accnrai'V  nl  T<chni'|Ui'  a a|)plii  <i  tn  Siii-  2 is  la  dll. 

a.2.d.2  Cost  I'acliirs 

a. 2. .'1.2.1  .Analysis.  .As  nnn  cl  alinvc.  an  ahlna  \ iatc.'l  Ivpf'  .ississincni  witlun 
.1  Diif  sirma  cnnlidt  ncf  interval  nf  22  dll  can  he  p'-r I'ormed  fnr  appro.Nimatelv 
2a  In  110  ihniisand  dnllars. 

a. 2. II. 2. 2 CW  Radiatinii.  .As  initeri  above  in  I’arauraph  a . 2 . 1 . a ( \\.  radiation 

n SI  of  a .'^itc  2 tarililv  would  cost  apfiro.ximali  Iv  .Sli.(K)f). 

r).2.:i.2.'l  .‘luhsvsiein  Tests.  ,\s  noted  in  I’arac.raph  5.1.  siihsysii  in  tes'liiu 
can  lx  p«  rlornieri  at  the  .Air  t orci  Weapons  l.aboraiorv  PI  TH)  [•.ii-iliiv  lor  .i 
tvpical  test  cost  ol  sd.lllO  per  black  bo.v.  .Assuniinir  l'>ur  black  b i.xes  ari'  to  be 
((  Sled,  this  would  incur  .i  total  cost  ol  .ipproxiniatelv  ^'2a,0;)0. 

5.2.2.11  Duration  ol  Test 

It  was  noted  before  that  the  CU  test  would  re.'pitre  apfiroximatelv 
two  wei  ks  ol  on-site  lacilitv  time.  The  black  bo.\  test  which  would  re<iuire 
.ipproxiniatelv  one  tnotith  per  box  would  retiviire  a tour  month  |H'rtod  ol  ttme. 

5.2.ll.'l  Practicality 

Techtii'iue  5 would  be  .in  extri'inelv  practical  .iiai  .simple  t(-chni(|ue 
to  impb  im  iit.  Verv  b w agencies  would  be  involvetl.  1 he  test  lacilities  are 
ri  .isonablv  small  and  simple.  .if(  currently  existent,  .iiul  are  normally  av.iil- 
.ible  lor  relatively  sm.ill  sinipb-  tests  such  as  the  one  proposed. 

5.2.11.5  Int(  rb  re^r'e  w ilh  I .icilitv 

File  onlv  portion  ol  lechiiitpi"  5 which  takes  place  on  site  would  be 
the  (.'U'  radiation  lest.  This  would  involve  no  i nli'rlerence  with  lh(‘  optwation 
ol  the  facility.  However,  facility  p •rsontiel  supiiort  would  be  re<iuiivd  to  locale 
and  connect  to  measurement  test  poitils. 
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Sii>  2 - T.  r[ini(|Uf  (; 

Nil.  (i  consi.si.'-  ii  ;uialvsis  .mi  h'vci  piil.sc  radiation. 

r>.  2.4.1  .Accurarv  "I  Data 

5. 2. 4. 1.1  .Aiialv.si.' . .As  provimislv  stated,  an  analytic  asscssiiH-nt  ol  .''itc  2 
Aouki  ha\i  .i!i  ci  roi-  li  lund  ol  22  dll. 

5. 2. 4. 1.1  n^u^h  l.cvcl  H;^KU(-d  I’lilsc.  As  slated  piaoiously  . data  accuraev 
in  liiu'h  le\i'l  pul.se  testin^4  is  2..5riB.  and  tlu'  |)  ist  i(‘.si  assessment  accuracie.s 
.ire  I ri nn  1 2 - 1 a d B. 


a. 2. 4. 2 Costs 

■A  hiuh  level  pulse  test  ol  the  site  would  invo|\e  costs  ol  the  order 
o|  .s’aOd.OOn  (see  par;iyi-aph  i5.2.2.2>. 


a . 2.4 . 2 Duration 

.A  hiuh  le\-el  pulse  test  .it  .s'ile  2 would  refiuire  appro.ximatci v three 

niondis . 


a . 2 . 4 . 4 I’lMc  I ical  i tv 

■Anv  lest  usine  hii’h  level  thre.ti  smuil.iiors  reiiuires  conside r.ili' e 
resnurcis.  Thus,  sinii  i test  ranks  lo.v  on  a sc.ik  ol  pi-.icl  ic.il  it  v.  B.irticu- 
l.iiiv  when  comp;ire:l  to  the  other  techniques  which  •itid  .issi  ssnienl  .iccur.icies 
conipar.dili  to  Tei  hnique  ,'i  .d  imich  less  cost  and  eilort. 

'’■2.4.'")  Inleiierence  with  .‘^iie 

I \lensi\i  phvsical  niodil  ical  ions  an  required  in  tin  \i’  initv  "l 
the  site  to  holi.si-  the  siniul.llor  lacilllie.s.  Howt  \ei' , .ill  o|  the.se  inoill  1 tea  I lon.s 
.in  leiii |)or.i ••  V .ind  tin  site  can  h ■ returned  to  its  original  conlisur.ition  .it  the 
end  ol  ,1  test  proer.ini.  Durinn  lioih  llinh  1 evel  lAilse  B.idi.iiion  and  I>()1-  Din  cl 
Dri\e  lesiiii'.:  .issistance  would  he  required  Inmi  tin  siie  pinssonnel  in  loealinu 
.111  I arcessiiic  nn  asun  ineni  (nints.  Dunns. inv  llich  levil  I'ulsi  lest  the 
p issihiliiv  ol  Ir.insieni  interrupts  or  d.inia'_:.i  exists. 


5 . 2 . f)  - Ti'i  liP'.'i'i'  ~ 

T(H'hni(|iK  7 CDitsists  of  an.ilvsis.  low  level  pulse  racli.ilion.  .ukI 
POF  clirt'ei  drive  (pulsee 

5.2.5. ]  (•  eu racy  <il  1 a 

5.2.5. 1 . 1 Analysis.  .As  noled  dciore.  an  analytic  assessment  of  a type  2 
f.icility  would  provide  a 32  dP  assessment  vyith  a one  sisima  confidence. 

5. 2. 5. 1.2  I.ow  I, eve]  Pulse  H.uliai  ion.  The  measurement  techimiues  used  in 
a low  level  [lulse  radiaiion  lest  .iri'  iiUniiic.il  to  those  used  in  a hi”h  levcd  pulse 
radiation  simul.iior  lest.  ’Plu'relore.  currents  can  1k‘  mea.su r-  d with  .in 
accuracy  of  1.5  dll.  lollaees  with  an  accuracy  ot  2dP.  . le  aver. me 
one  siirma  confiiience  inteiwal  lor  ,i  Ir.insler  function  is  2.  a dll. 

5. 2. 5.  1.3  POK  Direct  Drive  (P  . .\s  noted  .ilio\e  the  .iccur.icv  ol  dat.i  t.iken 
in  POK  Direct  Dnvi'  (P)  testm a is  2 5 dll. 

5.2.5.  1.4  (Aa  r. ill  Technuiue  Confnlence.  Tt'chnuiiie  7 w.ts  selected  bec.iuse 
for  this  p.irt icul.ir  site  there  w.is  riMSoii  to  lielieye  th.it  the  site  shield  mic.ht 
li.ive  been  less  th.in  m.idepii.ile.  'f'hus.  .ilihoii.'.h  the  silt  h.ts  .t  shiekl.  its 
intecritv  i.s  unct'rt.iin.  Uec.iu.se  the  site  .shielding,  intec.ritv  is  unci'rt.un.  it  w.is 
hypothesized  th.it  low  level  pul  se  test  inn  would  be  ,i  ri'.isoti.ible  technio.ue  tor 
thi.s  site.  However,  since  it  is  not  known  for  .i  l.ict  th.it  tlK'  shield  is  in.uleiju.iie. 
it  is<iuite  possible  th.it  .i  low  lev'd  pulse  test  would  not  yield  uselul  d.il.i. 

Uecause  the  dvn.imic  r.mne  of  the  low  level  pulse  K'st  is  limited.  .i  lest  which 
U.iye  null  or  zero  results  would  not  l.t  indiialue  o|  .mythmc  .it  .ill.  A liinh  le\el 
pulse  lest  with  ,1  l.iri;e  dvn.imic  r.inae  with  simil.ir  n suits  would  indie. ite  th.it 
llU‘  site  sliieldinn  W.is  .idepu.iti  . The  .ibseiice  ol  nu '.isur.ible  sinn.il  levels  is 
.1  positive  indic.ition  th.il  tlu’  site  is  .ideipi.ilel v h.irdeiit'd.  This  is  not  true  m 
the  c.ise  of  .i  low  level  |)ulse  te.st . Thus,  tin  re  is  .i  hi  di  prob.tbility  th.it  errors 
m .1  low  level  inilse  test  will  e>;ceed  10  dU,  when  ext r.iiv.l.iied  to  thre.it.  Thus, 
j Techiiique  7 i.s  not  cmisidered  .in  .iccept.dile  lochnitiue.  iiid  will  not  be  ev.ilu.ited 

j lurtht  f. 

i 

1 

J 
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5.  2.() 


Site  2 - Teclinique  8 

Teciiniquc  8 roiisists  of  CW  radiation,  POE  dirrct  drive  fC\V).  and 
POE  direct  drive  (juilse).  Technuiue  8 is  identical  to  Technique  2 with  the 
addition  of  CW  direct  drive  testing.  CW  direct  drive  testing  would  not  add  .my 
more  insiuht  to  the  sites  couplini;  mechanism  for  hardness  than  would  pulse 
tyix'  POE  direct  drive  tests.  However,  if  the  CW  direct  drive  te.stini^  were 
accomjili.shed  in  conjunction  with  or  j^rior  to  analytic  effort,  it  would  consider- 
ably enh.ince  the  analysis  confidence  or  reduce  the  analysis  cost,  dlie  limited 
CW  testinp:  envisioned  would  be  accomplished  by  the  .inalysis  team  durinjt  their 
site  .survey.  .\  detailed  evaluation  of  Technique  8 is  not  included  here  because 
it  is  considered  eciuiv.ilent  to  Technique  2. 


5.3  SITE  3 

Site  3 is  characterized  as  a buried  unshielded  facility.  The  buried 
buildinij  is  constructed  of  reinforced  concrete  h.irdened  to  dcsitm  an  overpres.sure 
of  50  psi.  The  top  of  the  buildinu;  is  2 feet  below  the  .surface  of  the  earth.  Tlierc 
is  .1  350  foot  hij^h  radio  tower.  The  techniques  cho.sen  for  evalu.ition  for  potential 
u.se  on  Site  3 include: 


Technique  2 
Technique  3 
Technique  5 
Technique  fi 
'I'echnique  7 
Technique  8 


.•\nalvsis;  CW  lladi.ition;  POE  Direct  Drive  DD 
.\n.ilvsis;  iliali  Level  Pulse  R.idiation:  POE  Direct  Drive  fp) 
.An.ilvsis:  CV/  Radi.ition;  .Subsystem  f"Rl.ick  Hox”i  Te.stin^ 
Analysis:  Hitih  Level  Pulse  Radiation 

Analysis;  Low  Level  Ihilse  Radiation;  TOE  Direct  Drive  I P) 

Analysis;  CW  Radiation;  IK)!-!  Direct  Drive  (LW':  I\^E 
Direct  Drive  (P) 


Site  3 is  iiomin.dly  .in  unshielded  facility.  However,  to  determine 
the  feasibility  of  any  r.idi.ited  test  whether  pulse  or  CV.  .some  data  on  the 
shitdfliiu;  effectiveness  of  the  facility  must  lie  knoini.  Table  5-4  .summarizes 
tli(‘  d.ita  from  the  .S/M'CA  .sliieldiiiK  effectiveness  te.sts  if  we  as.sume  that  this 
liuried  Iniildinjt  at  Site  3 is  ;ui  average  concrete  liuildinit.  Its  attenuation  will  Ix' 
similar  to  the  ine.in  attenuation  of  the  liuildmjjs  tested  in  the  SAFC.\  .study,  i.e., 
27  dH,  with  an  error  of  27  dll,  1 st.ind.ird  deviation. 


Table  5-4 

Suniniarv  >'f  SAFC  A Shieliiin^  Fffectiveness  Data  for  V-uTous  Sites 


Location 

Consti-uction 

.Measured 

.Attenuation 

(dB) 

.Average 

Attenuation 

fdB) 



6 

Shiner 

Concrete 

5-21 

13 

14 

New  Hope 

Concrete 

10-30 

20 

7 

M idlothian 

Precast  Tilt  Up 

11-33 

22 

5 

Wallace 

Cast  in  Place 

10-37 

26 

1 

Lonpiiont 

Case  in  Id  ace 

25-48 

36 

9 

Vef-it 

Case  in  Place 

38-54 

46 

19 

Mean  Aft 
.Standard 

en nation  27  dB 

Deviation  (u)  27  dB 

5.3.1  Site  3 - Technk|ue  2 

5 . 3 . 1 . 1 Aeeuracy  of  the  Data 

5.3. 1 . 1 . 1 Analysis.  An  analytic  as.sessment  of  Sit<>  3 would  be  accurate  to 
within  • 25  dll. 

5. 3. 1.1. 2 C'W  Radiation.  Assuniin«  that  the  attenuation  provided  by  the  rebar 
in  the  structure  of  th(‘  buried  buildini'  would  l)e  27  (IB.  and  that  the  attenuation 
provided  the  building  by  beiiif'  buried  appro.xiniatcdy  1 meter  1h>1ow  the  surface 
is  15  (IB.  then  the  total  shielding  provided  for  Site  3 is  42  dB.  I nder  these 
circumstances  if  is  reasonable  to  perform  a C'W  radiation  test.  .Should  the 
shieldiiif'  prove  to  l)e  considerably  U'ss  tlian  42  dB  then  accurate  transfer  functions 


lor  ni.mv  ol  llu'  ctiIumI  inteiiact's  r.Ln  lx  nu  .isurcd  dircctlv.  thus  providim; 
(•(iiisuii'r.dilu  miprovt'im  nt  in  tho  uccur.icv  ol  the  .issesstm'iii . Should  thr  total 
atU'nuation  prove  to  tie  c-onsider.dilv  more  lhan  42  dll.  then  a C\V  test  with  null 
results  would  al.so  lie  a nu'anitutful  tt'st  .uid  provide  additional  eonluU'nce  in  the 
■ issessinent  bv  elimtnaliim  errors  cmineeted  with  internal  couplin”:  of  fields. 

In  either  event  an  improvement  in  the  prediction  accuracv  of  10  rill  would  be 
acliK'vr'd. 

5.3.  1.1.  2 POK  Hiri'ct  Drive.  Inasmuch  .is  iite  3 h.is  .i  larae  number  .md 
varietv  of  penet  r.it  ions,  the  electromai’iK't  ic  response  ol  Site  3 will  be.  to  a 
larc.e  t xtent.  controlled  bv  POD  couplinu-  hich  levc'l  direct  drive  pulse  test 
ot  the  POKs  would  eliminate  the  uncertaintv  connected  with  coupliim  from  the 
POP.  to  the  circuit  U'vel.  Thus,  the  tof.il  prediction  uncert.iintv  could  be  reduced 
t n nil  '22  to  10  dll . 

5.3.1.  2 Costs 

5.  3.  1.2.1  .\nalvsis.  Ilecau.sr'  Siti-  3 is  relativelv  mra-e  com))le.\  th.in  Site  2 .i 
more  rletailed  leii  '.thv  an.ilvtical  .is.sessment  would  lie  reriuired.  This  is  c.iused 
be  the  t.ict  that  there  exists  .i  possibilitv  of  couplinu  ol  fields  m internal  conduc- 
tors .md  liec.iusi  there  are  .iddition.il  POPs  .it  Sitt'  3 not  encounteri'd  at  Site  2. 
Tiuis.  .ill  .111.1 1\ t ical  .issessnient  of  .Site  2 would  \ ield  .in  .in.ilvtic  .issessment  of 
22  rill  .iccur.icv  loi-  .i  cost  1\  inu  between  50  .md  75  thou.s.ind  tioll.irs. 

5.3.  1.2.  2 C\V  H.irli.il loll.  Au.im.  bec.iuse  of  the  mcre.ised  complc'xitv  of  Site  2. 

.inrl  iK'c.iuse  ol  the  un'.itr  r possibilitv  of  siuiiitic.ini  intern. il  lields.  .i  more 

comiilex  CW  test  would  be  rer|uir('d.  It  is  estim.ited  th.it  one  technici.in  .ind  one 

enuineer  coultl  set  up  the  lesi  er|uipment.  complete  the  test  .mil  remove  the  test 

e(|Uipment  m ei  ',hl  weeks.  Thus,  there  woulrl  be  320  hours  of  enuiiK'i  rmu  time 

.md  320  hours  ol  techniia.m  tinu'.  In  .idrlition.  four  weiks  ot  enumeerinu  tune 

.md  Iv.o  weeks  ol  li  ctinic.il  pubi  ic.il  ions  time  .ire  ri't|Uired  to  prep. ire  .i  report. 

riius.  the  toi.il  cost  would  be  between  1 M .ind  20  thous.md  doll.irs.  riiis  estim.ite 
I 

I tioes  not  includr-  the  co.sl  ol  .iin  pridest  .m.ilvsis  or  .mv  d.it.i  rerluclion  .md 

.m.ilvsis. 
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5.3.  1.2.  3 I’OK  I)ir(H'l  Drive  (ID.  It  i.s  e.m iniat  hI  ih.il  .i  POK  Direei  Drive 
ipul.sei  at  a site  such  .is  Site  2 would  re(|uire  tlit'  eltorts  of  oiu'  enmneer  and  two 
teehnic i.ui.s  ap[)roxin).i(ely  two  iiioiitli.s  to  .si't  up  ttu'  tc'.si  instrunient.it iijii.  c()in- 
plete  tlu'  tests,  .ind  remove  ttie  inst runinit.it ion.  .\n  .idditioii.il  one  nioiitli  ol 
engineer inii  time  would  hi'  reciuired  for  d.it.i  proeessiim  .iiid  reportiim  and  .in 
addition.il  moiitti  of  teclinician  time  would  lie  r(>(|uired  for  technuMl  puhl  le.itions 
to  prepare  .i  test  report,  rhus.  .i  tol.il  of  .ippro.vim.itel v KOO  teclinici.in  liours 
.md  .ipproNimately  480  nii;ineerm^  hours  would  he  n'<iuired.  The  lot.il  cost  lor 
siK'li  .in  effort  would  he  .S24.  000. 

5.  3.  1.3  IXiration 

In  the  prevedmi;  two  ii.ir.iiir.iphs.  it  v.".is  st.ited  ih.it  .ipproxim.itelv 
two  months  would  he  required  for  .i  C:\V  tesl  .iiid  .ipiiroxim.itelv  two  months  for 
,i  I’OF,  direct  drive  tesl.  .-Mthoui^h  the  excit.ition  soiirci'  for  these  ti'sts  are 
diff('r(‘iit  in  nature  then'  .voiihi  he  con  uU  r.ihh'  overl.tp  in  the  d.iia  reriiiin'- 
mi’iits  of  tioth  proyr.iiiis.  Theri'fore.  it  i.'^  .iS'Unu'd  tli.it  hotli  lesl.-.  cnuhl  he  run 
concurri'iill V on  a nonuitc'rference  h.isis  with  .i  time  s.iviiiiis  ol  .ipproxim.iteli 
one  month.  'Hius.  it  is  ('stim.ited  th.it  a total  test  dur.ition  tor  .i  Technique  2 
would  1k'  three  months  on-site. 

a.  3.  1 . 3.  1 I'r.ictic.ilitv.  On  a site  such  .is  Site  3.  Technir(ue  2 would  he  .i 
pr.ictic.il  test  technique  to  implement.  Only  .i  limited  nuniher  ol  government 
.laencies  would  he  ref|Uired.  the  usini;  ayenev.  tlii'  spou.soriiu  .laeiicv.  and  .i 
testiiu;  auency  or  contr.ictor.  .Ml  of  Ihe  harflw.ire  rer|Uired  for  hoth  tvpes  of 
tests  currently  I'xists  .ukI  .sever.il  liovoniment  .ti^encies  oi-  civili.iii  contr.iciors 
have  the  r(f|Uired  e.xpertise.  ()n-site  d.it.i  reduction  would  he  .it  .i  mminium 
siiue  this  service  would  he  jirovided  hv  Ihe  .in.ilvtic  .issessnu'iit  contr.ictor. 
.Sliip))iiii;  ol  hulky  eqiiijiment  would  he  mminu/ed  since  tin  d.it.i  .icquisitioii 
.md  excitation  eiiuipinenl  neither  extreniclv  l.irite  or  extrenu'lv  hulk\ . 

5.3.  1.3.2  Interference  with  r-'.icilitv^  Technique  2 would  not  involve  interrup- 
tion ol  l.icililv  ojier.ilion  nor  would  it  involve  extensive  t.icilitv  modil ic.it ion  or 
e.irtti  work.  The  services  of  on-sile  iiersonnel  would  he  re(|Uired  to  loc.ile 
me.isui'emeiil  points  .md  direct  drive  points.  As  with  .mv  llire.it  levrl  direct 

drive  test,  the  po.ssihil  itv  of  Ir.m.sieiil  mierrupl  ions  .md  potenti.il  d.im.iye  exist. 

5-.u; 


riK'i'c  wiiuld  1k'  IK)  opi'r.itioii.il  inli'i'ft  rcncc  c rratod  hy  a C'\\'  iMduiKin  tcsi 
oilier  ih.in  ih('  r('(|Uir('nifiil  lor  personnel. 

■).:<  2 SiU'  Teehnique  2 

Teehni(|ue  3 consists  of  .inalvsis.  lii”h  levc'l  pulse  r i eion  and 
l’(  )l!  din'ci  drive  ( P). 

In  the  ( \ aluat  mil  CV\’  radiation  tf'stiny,  for  Site  3.  it  was  stated  that  the 
most  probable'  value  of  attenuation  of  the  buildinu  at  Site  3 is  27  di>  with  a 1 
suma  stamiard  deviation  of  27  dit.  It  must  be  kept  in  iiiintl  that  ‘,1  is  i.-;  a fairlv 
ciaidt'  ('stiniate  bast'd  on  limited  data.  'Hie  actual  sliieldmy  value  of  the 
buiidiii”  in  ^ite  3 is  complctelv  unknown.  It  is  not  known  whetlier  the  dvnaniic 
raiiye  of  a hieh  h'vel  pulse  radiation  test  would  b(>  sufficient  to  ac(|uire  niean- 
in.uful  data. 

A hiyh  U'vel  pulse  radiation  tf'st  pro^’Cr-im  i't  alwavs  a costly  under- 
taking. Such  a program  ranks  tiinh  in  cost,  low  in  pract ical itv . and  iiiiih  in 
interference  with  site  operations. 

In  vic'w  of  the  alxive.  a hii;h  level  pul.st'  radiation  test  cannot  Im 
recommended  at  this  tinu'.  .Additional  data  in  the  form  of  CW  tt'stiim  or 
analytic  predictions  should  bt'  acquired  and  used  .is  a bases  for  a jiropt  r 
determiui tion  of  a test  no-test  decision.  I’ntil  .such  data  is  matte  .ivail.ible.  it 
IS  impossible  to  tiuant it.it ively  detennine  the  .iccur.icy  of  the  results  of  ,i  hiyh 
level  pulst'  r.idiation  test  on  .i  facility  .such  as  Site  3. 

Application  of  the  remainder  of  tlu'  ('vauuitioii  criteria  w ill  not 
be  perfornietl  on  Technitiue  3.  It  can  be  stafetl,  however,  bast'd  on  previous 
aiuilyses  of  hit^h  level  testing  programs,  tli  it  T('chni(|ue  3 would  rank  hi^h  in 
cost  anti  low  in  practicality. 

5.3.3  Site  3 - 1A‘chnic|ue  5 

Technitiut'  5 consists  of  .malysis.  CW  r.itliation.  .ind  subsvstem 
black  bo,\  testniff.  Technic|ue  5 relies  primarily  uixm  the  .in.ilytic  .isscssment 
pretlictions  to  determine  electronianiietic  site  respon.se.  The  u.se  of  CW 
rafliation  testim;  would  enhance  the  accuracy  of  tho.se  predictions.  .Subsystem 
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ht.u'k  lii)\  wiiiild  Ix'  to  dctcmnnc  lh('  d.mi.mc  and  iii)sci  ihresliolds  ol 

ilu'  i Titu'al  ('(|Uipim  ni s.  Tin,'  sito  vuliu'i\d)il il%’  assessment  would  then  lie  made 
liv  eomparmu  tlie  C'W  relined  analysis  predictions  with  the  black  box  test 
thi’eslu  lids. 

a.S.ibl  ,\ccuracv 

1.  1 .Analvsis.  .\n  analytic  assessment  ot  Site  3 would  be  accurate  to 
•vithin  23  (IB. 

5.  3.  3.  1 . 2 C\V  H.uli.dion.  The  accuracy  of  tlie  .malytic  .issessment  statement 
would  be  enhanced  by  C'W  ti'stuu!;  to  12  clB. 

.3.  3.3.1.  3 Subsystem  (Black  Box)  Testin».  Given  (hat  the  accuracv  of  up.sei 
,ind  damaite  (hia'siiolds  determination  ba.sed  on  analysis  is  3 dB  and  th.it  .ifter 
.1  test  ])roc,ram  the  unc('rtamti('s  m the  ti'st  program  combined  with  the  statis- 
tical spread  m the  manuf.ictur mu,'  tolerances  ,u;ivi'n  a post  U’st  .iccuracy  of 
3.1  (IB.  then  .in  .issessment  basal  on  .subsystem  test  re.sults  will  on  tlu'  iver.me 
be  1 . 3 (IB  mori'  .ic(  urate  than  one  ba.sed  upon  hand  .malvsis  .ind  prediction  .ilonc. 
riu’  3 (IB  improvement  norm. illy  .issociatc'd  with  .subsystem  testing  is  not  lound 
here  bec.iuse  the  coiiplin.u  from  .subsystimi  to  circuit  is  .ilroadv  in  the  C'W  test. 

3.  3.3.1.  4 (h'l'r.ill  rechni(|ue  .\ccur.icy . Given  th.it  the  elect rom.mnetic 
res|)on.se  b.i.sed  on  .in.iB  .si.s  .ind  C’W  lest  .iccur.icv  to  within  12  dB  .md  the 
.iccur.icy  of  the  thresholds  based  upon  .sub.sv.stem  tests  or  3.4  dB.  then  the 
unciTtainties  .idded  in  r|U.idr.ilure  cqu.d  12.3  dB. 

3.  3.3.  2 C.'osts 

The  costs  ol  the  .in.ilysis  and  C.’W  r .idiat ion  portion  of  Techni(|ue  5 
are  the  same  .is  in  B.irau,r.i|)h  3.  3.  1.  Technique  2,  th.il  is  $30.  000  to  $73.  000 
.md  .$18,  000  to  $20.  000.  resiiectivi'ly.  The  cost  of  .-ubsy.stem  black  Ixix  lestmu; 
.it  the  BL'DI)  Facility  is  .is  sl.ited  in  B.ir.iar.iph  3,1.  $(>.310  per  Ixix.  It  is 
.mticipated  Ih.il  .ipproximati'ly  three  to  five  typi's  of  Ixixes  would  1h'  new  or 
would  conl.iin  .solid  stale  device's  which  hav(>  not  lu'cn  tested  ^x'foro.  the  total 
cost  of  a suli.system  black  Iki.x  te.st  would  lie  tn'twi’en  $18,  000  and  $31. 000. 
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f).  .’i  Diiralinn  dI  Test 

Tilt  ( 'A  radialiim  Icsl  would  r<-(|uirc  lliri  ('  inonlhs  occupaiicv 
of  Iht  sito.  Till'  sul)S\o  ti  iii  black  box  lost  uould  noi  be  I’uii  on-sile  but  at 
the  IM  nn  I'acilitv  and  could  be  run  concurrent  with  the  C\\  radiation  tist. 
These  tests  would  also  take  a|.'|)roxiinatel v three  months.  Thus,  the  total 
test  duration  lor  Technii|ue  a would  b ■ three  months. 

■a.H.;i.4  I’ract  ical  itv 

Technif|ue  fi  would  be  a \'(>rv  practical  test  to  im|)!ement. 
However,  it  Would  in  lact  . be  less  practical  than  Technique  2 because  a 
black  b )X  test  would  rcfiuire  that  black  b ixes  be  made  available  by  tlie 
usnm  a'^enev  . transported  to  Albuc|uerqiu' . and  subjecti'd  to  possibly 
daniae.tin;  testing  at  the  IMDl). 

5. A. 2. a Interterence  with  Siti 

Iiuismuch  ;is  the  only  on-site  testiir.;  would  be  CV\  radiation 
testing.  rechnit|ue  a would  involve  verv  little  disruption  to  routine  sit(' 
activitii  s,  Siine  there  is  tio  probabilitv  ol  transient  inti  r r uption  caused  by 
the  liiw  le\i  1 ( A\  radiation,  the  only  interterence  with  the  site  would  be  acci 
required  tor  data  actiuisition  persomu'l  and  the  use  of  on-site  operations 
p -rsonnel  to  assist  in  locating  measurement  points. 

a.:t,4  .s'lte  .'1  - Technique  fi 

Technique  (i  consists  of  amilvsis  and  hinh  level  pulse  radiation 
;\s  siate.l  111  Hara  traph  a. 2. 2.  the  uncertainlv  in  the  shielditii',  effectiveness 
at  .''ite  2 is  So  creal  that  ilie  uselulness  of  liii;ti  level  lestinc  camiot  be 
evaluated  vvithou.i  a lditiona,  dita.  Thus,  a liiith  level  pulse  test  catm  d 
I)!-  recommended  at  this  time . 
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Applir.iliiui  III  till'  ri'iiia i ndr I'  nl  ilu-  i \ .il u.il  i< 'ii  < t ii'  I’l.i  II 
mil  Ilf  pr rliiniifd  mi  Tfclmii|Uf  .'I.  It  f,m  In  sialfd.  hm.'.i  m i' . lu'.  d i. 
pri'viiivis  analysfS  nl  hi^h  li  \ fl  tfsiina,  priip rams . liial  Ti  i iiM<|Uf  v.  mM 
rank  hiuh  m cnsl  and  Imv  in  praid ical  iiv  and  hi;',h  m inli  rlf  n ir  ■A!''i  iI- 

f) , . f)  Siif  It  - 'I'fclinuiiif  7 

If  cluiiiiui'  7 cmisisis  nf  lnw  |f\fl  piilsi  r.idiaiinn  fd  I 'i  d 
diiH'fl  drivf . Hv  a lnw  level  palse  lesl  is  meanl  testmr,  wHli  i mmala  - 
III  till'  Hfl'erenre  2.  ue  see  dial  ! he  peak  I'-lifld  li-mii  die  Iv’l  S-l  al  i 
distaiu'f  111  100  meters  is  apprnximatel v a kV  per  meii  r.  'lias  — a mi  t r 

111  10  b.'l  nw  a liiali  1 1 \'(d  pulse  suidi  as  dial  rad  lali  d h,  tin  I 1-  M I r . 

Allhnuali  there  IS  lln  data  mi  the  | I'leethe  shleldlllJ,  111  dll  I-I’tii  I'l  ti  I’l  1 ' :i 
structural  steel  and  the  earth  nverliardeii  tor  Site  2.  tlu  im'^i  pr  I'.it-  . , ,i  . 
is  27  (in.  based  mi  the  SA  I- CA  shieldtn.'  dat.i . 'nuts,  tl.i  mii.i:  !<m 
in  the  cabliiia  in  Site  2 wmild  bt-  iimsi  prnbablv  2b  tn  ab  dd  bi  th-  i - . .i 

le\els  encnuntered  in  the  I’nlk  ( il\  . I Inrida.  .iiid  !•'  It.i.  I la.i  .\I  l(>\t>N 

tests.  Thus,  the  pn dubi  1 1 tv  nt  .l(•■|ulrlul;  reasi.n.dili  d.ita  u-iii'  .i  !■ 
pub  e radiat  imi  II  ihni(|ue  is  marginal.  I'lilil  .iddilimi.il  d. it. i r .e.nl.bii  n 
the  elb  Clive  site  shieldiii"  .it  Siti  2.  Techiiiipn  7 uHli/inc  b-'.'.  • 1 i-’i!-i 

radiatimi  could  not  be  recmiimended  . |ti  causi  i >1  tin  reduei  1 dv  n .laic  r.ei  i 
of  low  le  \ el  r.ld  1.1 1 ion  pulse  lest  111'.’,  . <is  opposed  ti  i b iV.  b \ • 1 < r.i  1 i.i  t ''  c 'i  - i 
null  results  in  this  lest  u.mild  not  bi  p.iriicularlv  im  .iiiiir.'lnl  . 

llo\\e\er.  should  till  .icipiisil  ion  I it  .idd  1 1 n line  d.il.i  '.lidli.it.  't..il 
the  etlecti\e  shieldiiu’  ol  Site  2 ii.  such  Ih.il  lov.  b m 1 pub  i indiici  d i i ^p'.ii  i ■ 
are  ■.viliiiii  the  dvnamic  I'.iiice  o|  current  --l.ile-nl -Ihi  .irt  d.ii.i  .ll•'|UlSltl"l:■ 
systems,  then  .i  lou  b vel  pulse  r.idi.ilioii  test  cmild  bi  le • d .nh  'pi.il'  b. 
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map  th'  disir ilvaliim  ol  (‘iicrivv  wilhin  tlir  si(»  and  lu  v.ilidatc  nntdcls  of 

in  odu  iion  Ilf  I li  airomauiiotic  rcs|>im.sc  to  ih(  \arioiis  ('riti<‘al  inft  idacf-s. 

ShoulfJ  this  nrii\*'  li*asil)Ji'.  then  7 usim;  lou  Jciad  rarhaiion  and 

I’Of-  dinaM  dn\c.  to  I'.Striid  (Iv  i*()f'  roiiplinu  Itirou^li  iliroat  lov<  l.  tion- 

liiii  at'  It  \fl.  Ill  1 niployi  d.  Ti’clmapn-  7 would  Ih  I'apaldi'  of  l■^■du(’l^^ 

die  prodirtion  uncertainties  Ironi  the  eurreni  22  dfi  to  ddH.  Hence. 

tile  ovi'call  uncertainrv  in  usinn  Teclinifiui'  7 would  Ik  equal  to 
2 2 12 

di"  2.-}  1 “ 9.<i  dH.  Once  auain.  we  must  caution  howevej-.  ihai 

this  improvi  meni  in  dal.i  accuraev  would  onlv  lie  obtained  if  lt>w  l«-\<  1 puls«’ 
ii'SliiiL!,  should  prove  to  be  rt  asonable  basnl  up  ni  id  litional  shieldint;  data 

T).  2. 15.1  (.'osts 

In  a test  utili/inji  a HKS  simulator.  iIk  RFS  would  b.  requirt.l 
lor  approximaielv  eiulii  weeks.  In  1!174.  Uu'  rental  costs  for  a f?I  ^ simulator 
and  cn*w-  averaib'd  SIO.OIIO  per  Wf'ek.  On  that  basi.s.  an  l'i^hl  wi  ek  tt  si  would 
Cost  .SHb.OtfO:  liowi  \'er.  with  infhilion  sUu'f'  1074  i.iken  into  .|l•^ounl.  ,t  miritmum 
ot  Sim.lKK)  oui;hl  to  b(‘  anticipated. 

The  abo\'t'  costs  are  lor  simulator  rental  only.  In  addition,  data 
acquisition  wouhl  require  the  services  of  one  etu^lneer  .indoiu'  lecdniician  oii- 
sitt  loi  the  emht  wee-k  ir'riod.  In  addition,  one  man-month  of  enuineeriiii;  ami 
one  man-moiifh  of  techiiiciaii  lime  for  lechnii  al  |nibl n ations  would  bt  requin'd 
lor  test  repirtinu.  Thus.  12  man-wiaks  ol  4'iii;ineer in;  and  12  man-wfeks  of 
technician  lime  would  be  required.  .-Xt  S;2r)  and  S15  p"r  hour,  respeeiivel v . 
the  total  cost  would  tr.-  $10,200.  and  Hit"  total  cost  for  the  biw  le\i4  pulse* 
lest  could  1)1'  in  the  \icinitv  o|  $120,000. 

I roll!  the  above.  IXlh^  direii  driv«'  pulse  test  at  a Site  2 Ivpe 
facilitv  would  ciist  a.o|)”oximalely  $24,000. 
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Tin  If  J'S  siimilaliii-  is  maintained  and  ip  rated  liv  Hn  Air  l-ori  i 
W.an-ns  1 al- >rat.  tv  VMun  in  use  man  I- M 1’ assessment  pn.niam.  ih.Ifr''' 

IS  , ..mmmdv  siisp.  n led  heneatli  a ItelirnpteT . Anv  lesr  prnm’am  invulvinu  the 
HI  s simulal'T.  invnlves  Itie  eonrdinaiion  ol  at  h ast  arldiiiunal  (ip<  ralinu 
I ntities  within  the  Air  rore.  . Mecause  ul  ihese  laeters.  tlie  use  <>1  the  r?l-S  is 
. unsid.  red  a h ss  |)raeiieal  allern  div.'  than  C VV  radiatnm  or  I’OF  dir.  et  drive. 
Alliinur.il  1 . cliniciue  7 is  imi  an  extremelv  imprai  tieal  nr  rnstlv  prnur  .m.  it 
IS  more  .sn  than  Techniques  2 nr  f>. 

a. 2.5. .7  llhiratioimif  Test 

The  minimum  diiralinn  Inr  .i  reasnnalile  pulse  test  wnuld  lie  tun 
ninnlhs.  Knmi  almvt  Uf^  sau  that  the  iluratimi  nl  a IX)F  direct  drive  test  wmild 
alsn  !>.■  apprnximatelv  tun  mmiihs.  Althnui;h  the  exeilatinii  soarcc-s  fnr  the 
twn  types  nl  lest  are  dissimilar  there  .vniild  In  enniii,di  overlap  and  data  require- 
ments such  that  linlh  tests  could  he  run  cnnrurrmiilv  with  a time  sa\  inu.s  nt 
appi’nximat.  Iv  nne  mniith.  The  tmal  ni-sit.  test  duralmn  Inr  leihnique  7 
uniild  he  .ipprnximat.  Iv  three  months. 

5. 3. 5. 4 interfereiiee  'Mih  Sile 

Iteeause  nt  the  Invv  level  pulsinr,  associated  with  HI  S tesiinr:.  M is 
I Mr.  nn  Iv  impmhahh'  that  there  u.mld  he  anv  damaiae  nr  transient  interrupts 
.'Xperienced  rlurinr.  a liuv  level  pulse  lest.  Hie  nnlv  interference  with  site 
up-. rations  incurred  hy  Technique  7 would  he  the  reqmreim-nt  that  sile  npcraline 
ITrsnnnel  !«•  made  availahle  to  assist  data  acquisition  pm-.snmiel  m In -aim  • 
measurement  points. 

r)..q  (i  Site  3 - Technique  R 

Technique  R consists  nl  analysis.  ( \\  radialmn.  I’OI'  direct  drive 
tf'WI.  and  ltd  direct  dine  (H).  Teidinique  R is  identical  In  lechnique  2 with 
the  exci  piinii  lhal  (AV  HOI'  direct  drive  incluled.  The  usi-  n|  ( \\  r.idiatioii 
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;il|ii\vs  (liicci  mt  iisiin  mt  nt  in  tin  Ircquenrv  doni.iui  nl  ihn  iransfcr  luniMiun 
Iri'm  ihf  r.uli.iU'd  i in  ironnHMil  to  ihc  point  of  t ntrv . I'ot< mini  points  of  mtcrfsl 
in  iliis  li  st  im  ludc  (ininls  o|  i ntry.  VVIu'ii  (In  iransfiT  funidions  troni  flcclrn- 
niauni  tic  lirdd  to  points  if  inten  st  are  dnti'muncd  in  thf  I ri'(|urncv  domain 
ilu  \ I vin  III  invi  I'Si?  I'ouricr  liMiisfornu'd  into  tlu‘  lina-  domain  anri  t'Ntrapolati  I 
to  ih/t  at.  W'hnn  Ihr-  addition  of  i'OK  diicct  drivt-  pulsr  trstini;  is  doiip.  tlic- 
tiMiisli  r functions  so  dctcrmiiir'd  can  be  c.xtciried  into  the  nonlincaf  rciiion. 

When  .ill  o|  Ibis  is  don",  it  is  difficult  to  see  that  ibe  further  .iddition  of  C\V 
I'Ob  din  el  drive  provides  .iny  afidilional  confidence  in  ilte  results  of  the  t<-sl . 

The  inclusion  of  C\\  direct  drive,  altbouitb  it  does  noi  appreciablv 
iiicn  visi  ibi  .iccuracy  of  the  asse-ssmeni  over  Tectmique  2.  It  mav  provide 
iiii  n ased  effien  nev  in  dele  rmininp  site  mokdinti  paranuders.  This  inen  ast 
di  til  ii  nev  is  l).ni',thi  at  a cost  of  re(|uirini;  additional  C’VV  l(•sl  instrumentation 
to  lit  protidfii  duriii',:  the  on  siti'  test.  This  'J\\  tlireci  drivi  testnm  utmld  on 
oi'casion  be  (I  me  in  lieu  of  CVV  raflialion  or  direct  drivt'  pulse  testinu  lor  .some 
nil  .isurenieiil  points. 

I . .1 . . 1 .Aecuraev 

Till  accuraev  of  an  assessment  based  on  'rechnir|ut'  8 is  considi  re.l 
idi  Hill  .i!  (o  III. It  b.ised  on  Te.'hnit|ue  2. 

) . . 2 ( I isl  s 

file  . osis  in  It  rms  of  manhours  lor  imp'emeaiin':  .i  test  bast'd  on 
1 1 ebnique  S Would  In  idi  nlical  lo  that  b.i.seil  on  Technique  2 fixcepl  itiat  .some 
nil  asun  nn  nts  would  bt  perlornied  in  lb  ■ CW  modi  rathi  r than  in  the  pulse 
mode,  riu  s.inie  lest  duration  anil  the  same  persimiifd  leiiuirenienls  art 
.mill  ip.iii  ,1  lor  both  it  st  lei  hni<|ues . 

.■) . .'j  . t| . .'i  I 'ur.ll  loll  III  Test 

.As  stall  (I  .ilioM  . Uie  diir.dioii  lor  on-sili  li  slinc  ulili/iiv  Ti  idmitiue  8 
Would  be  idf  niic.il  to  lechniqili  2.  tll.lt  l.s  eji'lil  v\  eeks . 


I 
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■) . . fi . -I  I’i  ;iclic;ilitv 

Tfchniiiiu-  H is  (•(iiisi(k*rc;l  .1  practicjl  test  cfiiii valt-nl  tn  rcchiiiqui-  2. 

;■)  2.(i.a  IntfrltM-fiicc  wiih  Site 

As  slated  tn  Partmrapti  5.2.  1 . any  test  involviDL',  the  use  of  lfu'c;it 
le\'C'l  POf!  excitation  lias  the  possihjlitv  ol  transient  upset  or  d;im;iye.  The 
only  additional  ititer ferettci’  with  siu*  op'^ration  would  he  the  refiuirement  tor 
assistance  in  locating,  metisureinent  p litits. 

5.d  Sn'K  4 

(ieiK'fic  Site  4 is  charticteri/ed  as  a single  tail  structure  partially 
lairied.  The  actual  Site  4.  shown  in  idevation  view  in  I'iyure  2-4.  is  a 10(i 
loot  tall  tower  of  which  the  li.aioni  21  ff'el  are  buried.  It  is  a blast  htirdened 
buildinr  with  thick  reinforcial  coiicrt  ie  walls.  Some  sites  in  Clas.s  4 h;iv< 
structural  steel  liners  installed  for  blast  hardeaiiu;  purposes,  .\lthouiih  these 
wall  liners  '.vere  not  iiistalUcl  with  electr.imamietic  shitddini;  in  mind,  they  will 
pro\  idi  Some-  shieldiiu;  b.ii  of  ;in  unpredictable  nafur<-.  .\  site  with  such  liners 
may  n act  ,is  .1  single  tall  oji  n-ended  cylinder  or  as  .1  seides  oi  siackeil  short 
S'ju  il  open-ended  cylinders.  It  is  not  kno.vn  whether  or  n a the  actual  Site  4 
has  the  steel  liners  Itecause  of  I ht  loreuoinu  the  amount  ol  shieldin'.',  provided 
by  the  sirncturi  to  the  inside  electronics  is  completely  uiis|)''cified . Site  4 is 
.1  cyliiiflrie.il  sliaptd  lower.  Itecause  of  tins,  it  is  .unenable  lo.in.ilyiic  an.ihsis 
nl  I Ilf  sliK  kliii  • . 

Site  4 has  v«  I'v  few  pf  iietr.il ions  or  p mils  ol  i nlr\  . Tlif-ri-  .irt  n • 

•yi  cc)iiimumc;ii i"ti  cabb  s . I hi  primary  p >inis  o|  enir\  .ir<-  ihi'  .inieiin.is  on  the 

I'lol.  the  tower  its«  II.  a 11(1  till  utility  pent  Ir.ilions . 

a.'i.I  Sill  4 It  (11111(1111^^2 

1 1 chni'ine  2 consists  of  .Analysis , ( 'U  Radi.ition.  .ind  I’OT  Direct 
Drue  I’  . -At  this  him  the  shieldin';  ellt  eluent  ss  ol  the  towi  rw.ills  .it  Site  4 
IS  coinpli  It  Iv  iinspecil  led  . 
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Analvsis 


It  is  .issumci  that  .i  siu'  survt'v  ci mducH-'i  ir  ,i  ar./tip  nl 
('k’ct ruiii.ii^iK'i  1C  pulse  sui"ve'  (Muriiu'f'rs.  '.could  provide  sufficient  fiet.nl  inlor- 
in.ttioii  ^:lIch  th.it  .111  .iii.ilvtic  a.sse.s.snient  of  qu.ilitv  conip.ir.iMe  to  ih.ii  [VTlornied 
on  other  sites  could  be  .iccomplishetl. 

Tlu'relore.  it  is  .is.sumed  that  .m  ablircvi.ited  stvle  .in.ilvtic  assess- 
nieiu  of  .Sile  4 could  be  .iccompi ehed  with  .in  .iccur.icv  of  2h  flB. 

5.  4.  1.2  C\V  Fkiduit ion 

In  .1  site  whose  elect ronuiunetic  .shielding:  is  conipletclv  unknown. 

.1  prelimin.irv  CW  r.idi.ition  tost  is  most  applic.iblc.  .Such  .i  test  would  (juicklv 
determine  the  ('fleet  of  eleclromaunetic  .shieldinij;  .ind  .illow  direct  me.i.surcment 
of  the  ir.insfcr  functions  of  the  more  sutiiificant  penolratifins,  .md  provide  in- 
crea.sed  coiifidi'iice  in  the  model itu^  p.ir.imeters  cho.sen  by  the  an.ilyst.  .Sliould 
it  1m'  determined  th.it  Site  4 has  .in  effective  clectrom.iimetic  shield  provided  bv 
steel  liners,  then  .i  CW  lest  would  remove'  the  intcrn.il  field  couplin;^  ])ortion  of 
the  problem  from  tlie  .m.ilyst  t.isk  m.ikiti”  his  predictions  e.isier  .ind  more 
.iccur.ite.  In  .such  .i  c.ise  no  re.sults  would  be  si^nific.mt . .Should  the  electro- 
m.mnetic  shieldini;  provided  by  the  liner  prove  to  be  negligible  .it  le.ist  in  some 
.irt'as  or  for  .some  frequencies  then  the  C’W  test  would  provide  det.iiled  modeling 
information.  In  either  cast'  the  CW  test  would  incre.i.se  the  confidence  in  the 
.in.ilvtic  .is.sessnient  Iroin  25  to  15  dlh  The  u.se  of  the  CW  ti'st  is  p.irticularly 
appropri.ite  for  Site  4 bec.iu.se  ot  its  vertical  geometry.  The  common  method 
of  providing  radi.ited  CW  is  with  the  use  o|  vi  rticallv  pol.iri/i  tl  m mopolcs. 

This  would  incre.ist'  the  effective  dvn.imic  range  of  tlu'  field  coupling  to  the 
structure. 

5.  4.  1 . 3 IMJK  Dirt'cl  Drive  t Pul  si') 

nie  l»()i;  direct  drive  test  minimizes  the  uncert.iinties  in  the 
cou])ling  model  from  tht'  i>imt  of  enlrv  to  the  circuit  It'vel.  nuts,  the  remain- 
ing unci'rt.iinty  is  th.il  .issoci.iled  with  prediction  .it  the  point  of  entrv  .ind  the 
uncert.iinly  associated  with  the  threshold  of  thi'  circuit.  Tlie  uncerlainlv  in 


the  i)ri‘(lu-U'(l  iii'lci  k'Vf'ls  at  llu  point  orcntrv  is  tvpu-ally  9 cilj.  The  error 
.(Ssorut('(l  witli  th('  lliri'sholfis  is  tvpieallv  5 ilH.  The  total  error  predietions 
lMS?it  on  1H)F  tlireel  drive  tests  is  rndiieed  troni  22  to  10  dll. 

r),1.1.4  Technu|iie  2 - Oerall  Aceuracv 

F'or  a site  wltich  maximizes  I'ouiJlimt  of  vertically  jjola  'ized  fields, 
which  lias  low  elect romatmidic  shieldinu:.  and  which  has  a limited  number  of 
points  of  entrv  the  combination  of  CW  radiation  with  P()E  direct  drne  is 
parlicularlv  appropriate'.  The  CW  radiation  test  would  determine  the  transfer 
functions  linking  the  radiated  field  directly  to  the  circuits  of  interest,  and  the 
I'OK  direct  drive  test  would  remove  any  uncertaint ies  as.sociated  with  nonlinear 
behavior.  It  is  dilficult  to  fjuantitatively  assess  the  impact  of  this  combination 
but  a reasonable  emtineerinu;  ludfaement  of  the  accuracy  of  this  technique  is  that 
,i  combined  assessment  st.itement  would  be  made  with  .m  accuracy  of  approxi- 
mately 1 0 dll. 

5.  4.  1 . .5  Cost 

llecau"c--f^f  its  rel.itive  sinqilicitv.  both  ^eometricallv  and  in  terms 
of  numbers  ol  POKs.  .in  .ibbre'oated  slvle  an.ilytic  assessment  would  be  .ippro- 
priate  for  Site  4.  .Such  an  .issessment  could  Ix'  .iccompl ished  for  approximately 

S25.  non  If.  siif).  non. 

.\  CW  r.idiation  lest  of  ,i  site  such  as  Site  4 would  require  one  man 
month  of  an  engineer  and  one  ni.in  month  of  .i  technician  on-sitt'  to  set  up  the 
<'qui|)iiient  .md  conqilete  the  tt'st.  In  addition,  two  w(>eks  ol  emrineeriiut  .ind 
two  weeks  of  lechnici.m  .issist.ince  Irom  fechnic.il  public. ilions  woiiUl  Ix'  required 
to  iirt'pare  a report.  Thus.  .i  total  of  six  manweeks  of  eii^int'erina  and  si.x  man- 
weeks  ol  technici.in  lime  would  Ix'  re(|uired.  'I'he  tot.il  cost  i.'f  such  .i  test  would 
be  St).  (iOO.  4'his  cost  would  not  include  ,inv  pretest  .in.ilvsis  or  post  lest  d.it.i 
reduction  oi'  .in.ilvsis. 

The  cost  of  a POK  Direct  Drive  (IM  test  would  lie  simil.ir  to  th.it  of 
.1  (,’W  r.idi.ition  test  appro.ximately  oni’  month  oii-.site  two  wt'ek.s  ol  technical 
reporting  would  bi'  reijuired.  Tot.il  cost  for  this  lest  would  .u;.iin  Ix'  SO.  (>00. 
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Bcc'uuso  Ixith  the  C'W  rarliatiDii  test  and  the  direct  drive  pulse  test 
have  already  l)een  reduced  lo  their  absolute  minimum  of  one  month  on-site, 
no  synergistic  effects  would  Ik’  anticipated  in  conductm!i;  both  tests  concurrently. 
Hach  test  would  havt  to  l>e  completed  in  its  allotted  time  of  one  month.  Tlie 
total  cost  then  would  l)0  appro.ximatcly  S20,  000. 

5.-1.1.G  IXiration 

The  total  duration  of  on-site  te.stinir  would  lx?  two  months,  one  each 
for  C.'W  and  direct  drive  testing. 

5.4. 1.7  Practicality 

The  combination  of  CVV  radiation  and  POE  direct  drive  is  an 
extremely  practical  test  to  inn.  Tliis  test  program  would  involve  a minimum 
nunilx'r  of  aiicncies  mainly  the  site  user,  the  te.st  sponsor  and  the  test  con- 
tractor(s).  Both  the  hardware  and  the  expertise  for  .such  tests  exist  within 
.several  liovernment  agencies  and  .several  civilian  contractors. 

5.4.1.  ft  Interfen’nce  with  Site 

Interferenci'  with  site  ojx’rations  during  a te.st  procram  utilizimj 
Technifiue  2 would  !k’  minimal.  IXirin^  the  two  month  on-site  jx'riod  of  testinii. 
site  ojK-'ratinR  ix'rsonnel  would  be  rc'C|uired  to  assist  m data  acquisition.  Burimj 
i’OF",  direct  drive  .it  threat  level  pulses  would  entail  a moder.ite  risk  of  transient 
site  internjpt  or  possible  damage.  Ko  other  form  of  interference  duriipa  this 
technique  is  to  be  .uiticipated. 

5.4.2  .Site  4 - Technique  3 

Technique  3 consists  of  .\nalysis,  Hiii;h  Level  IXil.se  Radi.ition,  .uid 
POE,  Direct  Drive  (P).  Tlic  lush  level  iuil.se  simulator  most  appropriate  for 
testinf'  a site  .such  as  Site  4 is  TEMPS.  The  .SIEGE  simulator  would  onlv  lie 
useful  for  a completely  luiried  facility.  Becau.se  the  TEMPS  sinuil.itor  r.idiates 
primarily  horizontally  polarized  componc'nts,  while  the  tower  at  Site  4 would 
IX’  excited  primarily  by  vertically  polarized  components,  and  Ix’c. iu.se  the 
effective  elect romaimetic  shieldini'  of  Site  4 is  comiiletelv  unknocni,  it  is 
imix>ssil)le  at  this  time  (without  further  test  or  evaluation^  to  qu.intitatively 
determine  the  advantai^es  of  hii^h  level  iuil.se  testinu.  Because  ol  this  l.ick  of 
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fi\iaiUit;U ivo  inlnniuuii)n  it  is  not  sound  to  make  a positive  rcconimcndat ion  for 
anv  ti'chniqiu'  involving  the  use  of  sueh  expensive  simulation  as  a hidi  level 
pulsi'  test.  It  would  si'ein.  therefore,  that  both  Terhnique  .3  .iiul  Teehnique  <i 
should  not  be  reeomnu  nded  for  implementation  at  Site  1 at  this  time,  .Sliould 
additional  test  data  or  .idditional  .inalvtie  evaluation  indieate  that  .sufficient 
couplmij  lietween  the  horizontal  polarized  fields  of  the  .simulator  and  the  tower 
would  ('M.sl  to  uc'ner.iie  meaningful  data  then  this  recommendation  .should  be 
re-evalu.ited. 

Heeau.se  ol  this.  Technu|ues  3 and  6 will  be  eliminated  trom  further 
Consideration  in  this  .‘Section. 

5.4.3  Si^'  4 - Technique  4 

Ti'chiii(|ue  4 Consists  of  analvsis  .md  HOK  Direct  Drive  'Pt. 

5.4. 3.1  .Accu'MCV 

The  .m.ilvtic  assessment  accuraev  for  this  site  would  as  jireviouslv 
determined  tx'  25  dH.  .\  POK  direct  drive  t(\st  in  the  pulse-  domain  would 
aeuerate  diri'ctlv  ir.mster  functions  from  the  [xunt  of  entrv  to  the  circuits  ot 
interest  m the  threat  level  nonlinear  .irt-a.  lleiu’C.  .i  POK  direct  drive  A<iuld 
enhance  the  accur.icy  of  tlu-  prediction  trom  25  dH  to  15  dH  Cost  fn>m  .ibove 
d Pt)K  direct  drivi.  test  ol  ,i  rel.itivelv  simple  site  .such  as  Site  4 would  be 
.ipiiro.ximatet'.  S3.  liOO. 

5.  4.  3.  2 ( • »sl 

Cost  trom  aboA't'  ot  POI-.  direct  drive  ti-st  ot  .i  rel.itnelv  sinqili' 
site  .such  .1.'  Siti  4 would  l»e  appro.xiin.iti'lv  S').  tiOO. 

5.  4.  3.  3 Dur.it  ion 

As  st.ited  betore.  such  a test  would  ref|uin-  one  month  on-site  te-.t 

t line. 

5.  4 . 3.  -1  Pr.ict  ic.il  itv 

This  would  Ite  .in  e.\trenit-lv  practic.il  technique  to  implement 
in.ismuch  .i-^  the  h.irdw.u  e.  the  expertise  lor  a P(  )I  direct  drive  test  exist 
within  .sever. il  .mencies. 
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5.  4.  3. 5 Iiitcrl'ercace  with  Facility 

Durini;  luw  hi”h  level  direct  drive  test  ptj.ssibility  of  occasional 
transient  mterrupt  or  damage  exists.  In  addition,  operating'  personnel  would 
he  required  to  assist  the  data  acquisition  engineers  in  locating  mea.surement 
|)oints. 

5.4.4  Site  4 -Technique  7 

Technique  7 consi.sts  of  .-Xn.ilysis,  Low  Level  Pulse  Radiation, 
and  POE  Direct  Drive  (P).  The  low  level  pulse  technique  evaluated  for  use 
on  Site  4 involves  the  use  of  the  vertically  ixilarized  airborne  RES  pulser. 

The  vertically  polari/.ed  RES  was  chosen  because  of  the  vertical  geometi'v  of 
Site  4. 

5.  4.  4.  1 .Accuracy  of  the  Data 

.A  test  program  utilizing  both  pulse  radiation  luui  POE  direct  drive 
would  re.sult  in  an  overall  as.sessmcnt  with  accuracies  of  the  order  of  10  to 
12  dB. 

5.  4. 4.  2 Cost 

Total  cost  for  the  RES  simulator  averages  ,SiO,  000  per  week.  For 
a r(  latividv  simple  site  such  as  Site  4.  it  is  estim.ited  that  a two  month  test 
period  would  be  .idt'cjuatc.  Tlie  rental  cost  for  the  RES  would  be  appro.ximately 
S80.  000.  In  afldition.  two  data  acquisition  engineers  and  technicians  would  be 
rcfiuired.  After  tlu'  test  program,  approximately  one  month  of  enginet'ring  and 
one  month  technician  time  would  lx>  required  for  preparation  of  a test  rcqxirt. 

,A  total  cost  for  the  Low  Level  Radiation  tost  wouRt  then  be  m the  vicinitv  of 
SI  25.  000.  'Hie  cost  for  the  analytic  as.sessment  of  Site  4 would  be  Ix-tween 
?25,  000  and  $35,000.  Total  cost  for  a TOE  direct  drive  would  be  .$1).  (500. 
Adding  the  component  costs  togither  results  in  a total  assessm.  nl  cost  of 
between  $lGt),  000  and  $170,  000. 

0.4.  4. 3 Duration  of  Test 

Tot.il  test  time  would  Ix'  four  months;  there  would  be  little  or  no 
liiiK"  .s;ivmgs  brought  about  by  the  common  data  reciuirements  Ix'c.iuse  of  the 
.ilrc.idv  comiiressed  schedule. 
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5 . . 4 . 4 PiMc-ticality 

TIuk  tent  technique  ranks  low  in  practicality  inasmuch  as  many 
ayencics  are  required  to  support  a RKS  type  test.  The  RES  simulator  is  in 
the  custc;dy  of  the  Air  Force  Weai^ons  Lab,  and  a helicopter  from  the  Air 
Force  is  required.  Tliis  introduces  two  additional  Air  Force  ac;encics 

5.  4. 4.  5 fnt^rference  with  Site 

The  cooperation  of  the  site  personnel  would  be  required  to  locate 
mea.surement  points  for  both  the  low  level  puLse  test  and  POE  te.st.  IXIrini^ 
the  POE  test,  as  in  any  hicih  level  te.st,  possibility  of  transient  uitermpts  and 
damacie  exists. 

5.4.5  Site  4 - Technique  8 

Technique  consists  of  aiialy.sis,  CU'  riidiution,  IX)F  Direct 
Drive  tPulsc)  and  POE  Direct  Drive  (CW).  As  indicahxl  earlier  in  the 
evaluation  >f  Site  3,  Technique  8 is  considered  identical  in  effectiveness, 
accuracy,  practicality',  and  duration  to  Technique  2. 
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SECTION  tl 
RESULTS 


Numerical  results  of  the  preceding  analyses  are  presented  in 
Fi^aires  6-1  through  6-4. 
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